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EVALUATING THE CRITICAL 
SUCCESS FACTORS FOR 
SUSTAINABLE E-LEARNING 
ECOSYSTEMS IN TERTIARY 
EDUCATION 
 Abstract 
The central theme of e-learning is to leverage the transfer of both tacit and explicit 
knowledge from the teachers to learners, and the learners to learners, through 
various means facilitated by information and communication technologies. In recent 
years, e-learning has gained momentum due to its strong market potential and 
popularity. An investigation into the literature reveals the four interrelated critical 
dimensions that are essential for enhancing the e-learning effectiveness: pedagogies, 
technologies, learning resources and management of learning resources. There is, 
however, not much research on evaluating the complex interaction between these 
four dimensions for influencing the e-learning effectiveness.  
This study develops and evaluates an e-learning success model for gaining a better 
understanding of the intertwined critical factors that influence the effectiveness of e-
learning based on the perceptions of e-learning stakeholders. A cross-sectional 
research design using interviews and survey for data collection is identified as 
effective for answering the research questions proposed in this study. A multi-method 
data collection approach, namely in-depth interviews with e-learning providers and 
an online survey, is adopted. The multi-method data analysis uses both qualitative 
and quantitative analyses of information (and data) collected from interviews and a 
survey instrument respectively. 
The main findings from the qualitative analysis show that the use of multiple 
pedagogies associated with technologies and learning resources are fundamental to 
enhance the e-learning effectiveness, nevertheless not widely practised due to various 
barriers and challenges. There is a varying view on the influence of the management 
of learning resources on enhancing the e-learning effectiveness. Based on the 
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perceptions of e-learners, the research further shows that the management of 
learning resources, technologies, learning resources and metadata ontologies play a 
significant role in enhancing the e-learning effectiveness; and the pedagogies have no 
significant influence on enhancing the e-learning effectiveness. 
The research findings suggest the need for various policy initiatives for effective 
implementation of the proposed model. This involves adequately addressing the 
barriers identified in this study and choosing a pragmatic approach to incorporate the 
critical factors identified in this study. This study highlights a distressing gap between 
theory and practice with respect to the adoption of the critical dimensions of e-
learning ecosystems. It indicates the disparity between the perceptions of e-learning 
providers and e-learners on the critical dimensions for influencing the e-learning 
effectiveness. Furthermore, this study shows the need for taking appropriate policy 
measures to remove the gap between theory and practice, and remove the disparity 
between the e-learners’ demands for facilities and the e-learning providers’ provision 
of facilities. Finally, the study also suggests the need for aligning pedagogies with 
associated technologies, learning resources, metadata ontologies and management of 
learning resources for sustainable e-learning. 
 
  
Chapter 1 
Introduction 
“Research is to see what everybody else has seen, and to think what nobody else has 
thought.”  
Albert Szent-Gyoergi 
 
1.1 Background 
This thesis is a study of the development and evaluation of an e-learning success 
model to better understand the critical factors that influence the effectiveness of e-
learning, based on the perceptions of e-learning stakeholders. The context of this 
study is e-learning in higher education institutions within Australia. Interview 
participants are from Open University Australia (OUA) in Melbourne and five other 
Australian universities offering higher education through distance learning. Survey 
respondents consist of learners from RMIT University at various course levels and in 
various specialisation areas.  
E-learning is “the use of Internet to access learning materials; to interact with the 
content, instructor, and other learners; and to obtain support during the learning 
process, in order to acquire knowledge, to construct personal meaning, and to grow 
from the learning experience” (Ally, 2008, p. 5). It has gained momentum due to its 
strong market potential and popularity. The e-learning market is identified as one of 
the most rapidly growing sectors in the world education and training industry, and is 
projected to reach $103 billion by 2015 (Global Industry Analysts, 2008). 
To enable a wide coverage of stakeholders and the issues relating to the transition 
from traditional learning to e-learning, this study considers both partial and full e-
learning. As a result, e-learning in this context includes all four modalities 
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represented by Romiszowski (2004), which are e-learning online, offline, 
synchronously and asynchronously. Synchronous implies happening at the same 
time, and asynchronous implies happening at different points in time. 
The current e-learning environment is dominated by state-of-the-art technologies in 
the learning management systems (LMS). It does not incorporate the essential 
dimensions for the success of e-learning. For instance, most LMSs emulate the 
classroom teaching in which the learner is a passive participant in the knowledge 
transfer process. In other words, even though the LMS usage is effective in the 
presentation aspects of e-learning, it is ineffective in the education and design aspects 
that require active participation from learners (Hatem, Ramadan & Neagu, 2005). 
This clearly indicates a gap between theory and practice in e-learning.  
Within this context, it is important to understand the reasons for disparity between 
theory and practice in e-learning, in order to survive in the competitive global 
education industry. It is therefore essential to consider the perceptions of major 
stakeholders in the e-learning environment for identifying these critical dimensions 
and the factors within each dimension to remove this disparity. It is equally 
important to evaluate the influence of these critical interrelated dimensions for 
enhancing the effectiveness of e-learning. There is, however, currently a lack of 
research evaluating the complex interaction mean  these four dimensions. This study 
therefore attempts to address this gap in the literature.  
The purpose of this chapter is to provide a comprehensive overview of this study in 
six sections. Section 1.2 covers the rationale on why such a study is required in a 
higher educational e-learning context. Section 1.3 focuses on the research objectives 
and questions used in this study. Section 1.4 presents the research framework to 
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answer the why, how and what questions relating to this study. Section 1.5 addresses 
the limitations of this research, and Section 1.6 outlines the structure of this study.  
1.2 Rationale for the Research 
Existing learning theories and models have highlighted the importance of multiple 
dimensions and factors within dimensions in influencing the effectiveness of e-
learning. An investigation into the literature reveals four interrelated dimensions for 
enhancing the e-learning effectiveness. These four dimensions are the principles and 
methods of teaching and learning (Alexander & Boud, 2001; Brusilovsky & Peylo, 
2003), the processes and systems of teaching and learning (Cornford & Pollock, 
2003; Kim & Lee, 2007), the substance and content of teaching and learning (Huang 
& Mille, 2006; Tzeng, Chiang & Li, 2007), and the management of substance and 
content of teaching and learning (Brase & Nejdl, 2003; Duval, 2006). An effective 
combination of these four aspects of e-learning can lead to sustainable e-learning 
ecosystems (McPherson & Nunes, 2008).  
Sustainability in this context refers to the procedures and practices that ensure the 
continued viability and success of e-learning. An ecosystem is a natural unit 
consisting of all plants, animals and micro-organisms (biotic factors) functioning 
together with all the non-living physical factors (abiotic) of the environment 
(Christopherson, 1996). In this study’s context, the e-learning ecosystem consists of 
biotic factors, such as teaching and learning communities, as well as abiotic factors, 
such as principles and methods (e.g. adaptive, active), systems and processes (e.g. 
internet, multimedia, LMS, semantic web), substance and content in various forms 
(e.g. video, audio and text), and management of learning resources (e.g. creation, 
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extraction, classification). Interactions between the teaching and learning community 
and the interactions between various factors within abiotic factors are vital in an e-
learning context. Interaction between biotic and abiotic factors is also essential for 
achieving sustainable e-learning success.  
The principles and methods of teaching and learning generally refer to the correct use 
of pedagogical strategies in e-learning. Existing research on e-learning principles and 
methods has focused on identifying the pedagogic strategies for facilitating an 
effective leverage of knowledge (Alexander et al., 2001; Brusilovsky et al., 2003). This 
results in the identification of several strategies for enhancing the use of deep 
learning methods through the learner-centred approaches, such as collaborative 
learning (Anderson, 2003; McConnell, 2005), interactive learning (Alexander et al., 
2001), explorative learning (Dichev & Dicheva, 2006), adaptive learning 
(Brusilovsky, 2004), use of concept mapping techniques (Novak, 1998) and blended 
learning (Lynch et al., 2001). The success of these strategies, however, depends on 
the integration of information and communication technologies that facilitate an 
effective implementation of these strategies and an effective management of learning 
resources (Demidova et al., 2005; Yang, 2008).  
The systems and processes of teaching and learning refer to technologies supporting 
e-learning ecosystems. Existing processes and systems supporting LMS, such as 
Blackboard, WebCT, TopClass, Learning Space, First Class, Moodle, Desire2Learn, 
Angel and eCollege, provide partial support to successful functioning of e-learning 
ecosystems. For instance, current LMS greatly facilitate access to e-learning 
substance content. However, e-learning is much more than just a transfer of 
traditional lecture slides online (Cornford et al., 2003; Kim et al., 2007). In this 
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regard, these processes and systems have proved to be ineffective (Hatem et al., 
2005), both with respect to the pedagogy support and the management of e-learning 
resources. Tackling this ineffectiveness, previous studies have explored a variety of 
technologies aiding individual strategies and management of learning resources. For 
instance, the development of education modelling language (EML) by the Open 
University of Netherlands was proposed to include various didactical learning 
approaches (Hummel et al., 2004). Furthermore, to create sustainable e-learning, 
transformation from purely web-based content to learner-centred interactive e-
learning with supporting technologies and learning resources is essential 
(Govindasamy, 2001; Kopper & Tatterall, 2005). 
The substance and content of teaching and learning relate to multiple learning 
resources derived from multiple pedagogical strategies. Multiple learning resources 
embracing a number of pedagogies and technologies are an intrinsic aspect of 
substance and content of teaching and learning (Huang et al., 2006; Tzeng et al., 
2007). The literature on the e-learning effectiveness has proposed numerous learning 
resources for the e-learning success, including resources supporting learner-centred, 
hybrid and teacher-centred approaches to teaching and learning.  
The management of the substance and content relate to the effective management of 
learning resources generated from various pedagogical strategies and associated 
technologies. Two interrelated aspects of managing learning resources are:, the 
effective management of learning resources through the application of knowledge 
management principles, and metadata descriptions of learning resources (Demidova 
et al., 2005; Yang, 2008) to realise the potential of reusable learning object 
repositories (RLOR). Knowledge management is referred to as an integrated and 
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systematic process of acquiring, eliciting, organising, representing and retrieving 
information and knowledge assets (Duffy, 2001; Nonaka, 1998). Metadata is defined 
as “any data which conveys knowledge about an item without requiring examination 
of the item itself” (Haase, 2004, p. 204). Reusable learning objects (RLOs) are digital 
items that can be used, reused or referenced in technology supported learning (Rehak 
& Mason, 2003). A collection of these RLOs is known as ‘RLORs’ (RLO-CETL, 2008).  
An effective implementation of e-learning encompassing the four critical dimensions 
requires an appropriate identification and evaluation of the critical success factors 
within each of these dimensions of the e-learning ecosystem. The relationship 
between each of these dimensions and the e-learning effectiveness has been proposed 
and tested in many studies (McGill & Klobas, 2009; Walker & Fraser, 2005). 
However, models for evaluating the complex interaction between these four 
dimensions, which influence the e-learning effectiveness, have not been developed 
and tested (Hoffman, 2005). This study is an attempt to investigate the perceptions 
of major e-learning stakeholders on the dimensions and factors within each 
dimension for influencing the effectiveness of e-learning.  
1.3 Research Objectives 
The primary objective of this research is to develop and evaluate an e-learning 
ecosystem model for gaining a better understanding of the intertwined critical factors 
influencing e-learning effectiveness based on the perceptions of major e-learning 
stakeholders. In particular, the research considers the influence of the four critical 
dimensions of the e-learning ecosystem on the e-learning effectiveness, namely 
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pedagogical strategies, technologies supporting those strategies, substance and 
content of learning resources, and management of learning resources.  
The specific objectives of this research are defined as follows to: 
1. Develop a theoretical framework considering the key dimensions of an e-
learning ecosystem. 
2. Identify the critical dimensions facilitating and hindering enhancement of the 
e-learning effectiveness. 
3. Identify the factors within each dimension for facilitating and hindering 
enhancement of the e-learning effectiveness. 
4. Develop conceptual e-learning success models incorporating the critical 
dimensions and factors within each dimension of an e-learning ecosystem. 
5. Evaluate the interaction between the critical e-learning ecosystem dimensions 
in influencing the e-learning effectiveness.  
1.4 The Research Framework 
The research framework for this study, as shown in Figure 1.1, is constructed with the 
aim to answer the three research questions: why, how and what. The ‘why’ part asks 
why research integrating the four key dimensions of the e-learning ecosystem is 
required. The ‘how’ part explains how the research is carried out using appropriate 
methodologies for fulfilling the proposed objectives. The ‘what’ part provides a brief 
overview of results from both the qualitative and quantitative studies in this research.  
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This framework follows an input (why), process (how) and output (what) approach to 
provide a comprehensive overview to this study, and the details of each of these 
aspects are discussed. 
1.4.1 Inputs 
Based on the objectives and rationale for this research, the input section contains the 
elements for the ‘why’ part of this study, as shown in Figure 1.1. As mentioned above, 
an effective interaction between the four dimensions for the e-learning ecosystem is 
vital for the success of e-learning.  
The effective pedagogical strategies identified in this research include active learning 
strategies, collaborative learning strategies, explorative learning strategies, adaptive 
learning strategies, concept mapping strategies and blended learning strategies.  
The supporting technologies and learning resources associated with individual 
pedagogies are active learning, collaborative learning, explorative learning, adaptive 
learning, concept mapping and blended learning. One of the major consequences of 
using multiple pedagogies and associated technologies is the generation of an 
overwhelming amount of resources that require effective management.  
Two interrelated aspects for effectively managing learning resources are the 
identification of management processes and the identification of characteristics 
describing learning resources. The main knowledge management processes identified 
are knowledge extraction, knowledge classification, knowledge retrieval and 
knowledge distribution. The major characteristics (metadata ontologies) identified to 
describe learning resources in this study include content ontologies, context 
ontologies, structure ontologies, validation ontologies and user profile ontologies.  
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Pedagogical Strategy
Technology and Other Factors
Adaptive
Supporting Technologies
Blended
Concept Map
Interactive
Explorative
Collaborative
Supporting Management 
Actvities
Supporting Learning Objects
Management Factors
Management 
Metadata
Capture
Content Metadata
Structure Metadata
Retrieve
Authenticate
Organise
Validation Metadata
Reuse
Context Metadata
Learner Profile 
Metadata
E-learning Effectiveness
Retention Rate
Career Success
Communication
Satisfaction
Final Grade
Learning Outcome
Management Effectiveness
Availability
Reusability
Adaptability
Accessibility
Pedagogy
0.40***
Metadata 
Ontologies
0.64
Management 
0.57***
E-Learning 
Effectiveness
0.52
Learning 
Resources
0.55***
Technology 
0.58***
H1:  NS #
H3:  NS #
H2: 0.21**
H6: 0.20**
H5: 0.31***
H4: 0.17*
Notes 
N      : 210
NS #: Not Significant
*       : P < 0.05
**      : P < 0.01
***     : P < 0.001
Management 
Effectiveness
0.51
Pedagogy
Management 
Effectiveness
0.18
Management 
Factors
0.41
E-Learning 
Effectiveness
0.50
Metadata 
Ontologies
Technology and 
Resources
H1:  NS #
H4:  NS #
H2(a&b): 
0.22*
H3: 0.33***
H8: 0.42***
H9: 0.15*
H6: 0.25**
H5(a&b): 
0.41***
H7: 0.29*
GOF Indices 
CMIN = 112.04
DF = 92
P = 0.08
CMIN/DF = 1.22
GFI = 0.94
AGFI = 0.91
TLI = 0.98
RMSEA = 0.03
Notes 
NS #: Not Significant
*       : P < 0.05
**      : P < 0.01
***     : P < 0.001
 
Figure 1.1 The Research Framework
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1.4.2 Processes 
The process part in Figure 1.1 contains the necessary methodological tools and 
techniques for fulfilling the objectives in this research (i.e. the ‘how’). This study 
employs a mixed-method approach for integrating qualitative and quantitative 
aspects of the study. The multi-method data collection used in this study includes a 
systematic and thorough review of the literature, followed by open-ended interviews 
with major e-learning providers and data collection from e-learners via a survey 
instrument. The open-ended interviews are collected from a wide range of e-learning 
providers, consisting of strategy/policy, library and learning resource management, 
technology and media, and teaching. Based on the interview transcriptions, a detailed 
questionnaire is developed to collect data from e-learners using an online survey 
instrument. The multi-method data analysis used in this mixed approach includes 
bivariate correlations, multivariate regression analysis (MRA) and structural 
equation modelling (SEM) using confirmatory factor analysis (CFA) techniques.  
1.4.3 Outputs 
The output segment in Figure 1.1 contains the elements for the ‘what’ part of the 
research based on the data analysis. The results from the qualitative and quantitative 
analyses are the output of this study. The results from the qualitative analysis include 
the identification of various indicator variables for each of the dimensions of an e-
learning ecosystem, and the development of conceptual models in this study. In 
addition, the qualitative results identify various barriers to enhancing the e-learning 
effectiveness from the perceptions of e-learning providers. The results from the 
quantitative analysis include the identification of a small number of critical factors 
within each dimension, and the direct and indirect influence of the four dimensions 
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on enhancing the e-learning effectiveness. A detailed analysis of both sets of results is 
discussed in later chapters.  
1.5 Research Contributions 
The main contribution of this study is development of a novel framework considering 
the essential dimensions of e-learning ecosystems for sustainable e-learning success. 
This framework has been tested using the proposed conceptual models (base model 
and alternative model) and considering the perceptions of the major e-learning 
stakeholders. As a result, this study sheds light on the critical factors for enhancing 
the e-learning effectiveness in higher educational settings within Australia. 
1.6 Structure of the Study 
This study is structured into 11 chapters. Figure 1.2 shows an overall ontological 
description of this study. It describes the ontological relationship between chapters in 
the form of inputs and outputs. It also uses the control mechanisms to define the 
boundaries for each chapter in this study. In addition, the validation mechanisms are 
incorporated using tools and techniques for fulfilling the objectives of each chapter, 
and the symbols representing each of these are presented in Figure 1.3.  
Chapter 1 provides a comprehensive overview of the study, with an articulation of the 
research objectives and questions. The input in this chapter is the rationale for the 
study and its research objectives and questions. The output from this chapter is a 
comprehensive overview of the study based on the four critical e-learning ecosystem 
dimensions. In addition, the scope and boundaries for the study are defined.  
Chapter 2 provides an explanation on a number of fundamental concepts from three 
fields relevant to this study: education (e-learning), information systems (technology 
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and semantic web technology) and knowledge management (principles and 
concepts). This chapter uses the boundaries of the study defined in Chapter 1, 
integrating the study objectives and e-learning ecosystem dimensions.  
Chapter 3 provides a comprehensive review of related literature covering both 
theoretical and empirical research pertinent to the study objectives, drawing from 
learning theories, e-learning models, as well as empirical research. This chapter 
provides a strong groundwork for facilitating the development of conceptual models 
and methodologies for this study. Relevant learning theories and models identified 
from the literature have provided guidelines for developing this chapter. 
Chapter 4 presents a general theoretical framework for gaining a better 
understanding of factors within each identified dimension for the e-learning 
effectiveness. Based on this framework, factors within each dimension are identified 
in this chapter. This chapter uses the study objectives from Chapter 1 and the 
literature review from Chapter 3.  
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Figure 1.2 An Ontological Description of the Structure of the Study 
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Figure 1.3 Legend for the Structure of the Study 
Chapter 5 provides a detailed description of the research methodology used, 
including the research process, research design, data collection methods and data 
analysis methods, for fulfilling the study objectives. This is where the guidelines for 
acceptable results have been set for the study. The mixed methodology is used for 
investigating these study objectives, and multi-method data collection approaches 
including literature review, interview methods and survey methods have also been 
adopted. The multi-method data analysis employed in this study includes qualitative 
analysis of interview data and quantitative analysis of survey data.  
Chapter 6 provides the results from the qualitative analysis of interviews with e-
learning providers. The input for this chapter is derived from the study objectives in 
Chapter 1, the literature review in Chapter 3, and the research methodologies in 
Chapter 5. The output from this chapter is the development of two complementary 
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conceptual models incorporating the interaction between e-learning ecosystem 
dimensions and the identification of a comprehensive list of critical success factors. 
In addition, it also focuses on various barriers to effective implementation of these 
critical success factors. 
Chapters 7, 8 and 9 present the results from the quantitative analysis of survey 
datasets. Inputs across these chapters are the study objectives from Chapter 1, review 
of literature from Chapter 3, research methodologies from Chapter 5, and the 
conceptual models from Chapter 6. Chapter 7 presents the results of preliminary 
statistical analysis of datasets, followed by analysis of results from MRA using the 
base model in Chapter 8. Chapter 9 analyses the results from CFA using SEM based 
on the alternative model.  
Chapter 10 presents the conclusions from this study. The input for this chapter is 
derived from qualitative findings in Chapter 6, and quantitative findings in Chapter 7, 
8 and 9. The output from this chapter is comparative analysis, recommendations for 
the success of e-learning and suggestions for future research in this area.  
 
  
Chapter 2 
Background Concepts 
“The next big killer application on the internet is going to be education. Education 
over the internet is going to be so big it is going to make e-mail usage look like a 
rounding error.” 
John Chambers, CEO, Cisco Systems 
2.1 Introduction 
The central theme of e-learning is to leverage the transfer of tacit and explicit 
knowledge from the teachers to learners, and the learners to learners, through 
various means facilitated by information and communication technologies. In this 
study, e-learning is defined as encompassing all forms of learning which involve any 
type of electronic media in the knowledge transfer process. The key characteristics of 
e-learning are as follows: 
• E-learning is a non-linear process, as learners decide how, when and what to 
access for accomplishing their knowledge acquisition processes. 
• E-learning is self-paced, as learners choose their own convenient time to fulfill 
the tasks. 
• E-learning is learner-centred, as the learners decide their preferred mode and 
appropriate levels and learning styles for acquiring knowledge. 
• Space and time barriers are eliminated in the e-learning environment, as 
learners have access to e-learning materials 24/7. 
• E-learning fosters knowledge acquisition through collaboration; facilities to 
share and exchange knowledge between e-learning players. 
• Active learning not passive learning is the key to success in e-learning.  
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The purpose of this chapter is to review a number of fundamental concepts essential 
for understanding this study. To facilitate a thorough understanding, this chapter is 
divided into four sections. Section 2.2 presents explanations and definitions of e-
learning. Section 2.3 describes an e-learning ecosystem and its dimensions, providing 
a detailed account of various concepts and approaches relevant to each of these 
dimensions. Finally, Section 2.4 ends the chapter with concluding remarks.  
2.2 E-learning 
E-learning is a means by which the knowledge is transferred from domain experts to 
learners through supporting technologies, such as computers, internet, intranet and 
multimedia technologies (Volery & Lord, 2000). It is used synonymously with online, 
web-based, computer-based, virtual, distributed and network learning, and 
technology-delivered instruction. There are many definitions of e-learning available. 
To gain a better understanding of this concept, a number of definitions are presented 
as follows:  
• E-learning is an “innovative approach for delivering hyper-media based 
instructional programs to remote audience by utilizing the attributes and 
resources of the Web to create well-designed, learner-centred, interactive, 
engaging, and facilitated learning environment” (Khan, 2001, p. 5). 
• E-learning is “the use of Internet to access learning materials; to interact with 
the content, instructor, and other learners; and to obtain support during the 
learning process, in order to acquire knowledge, to construct personal 
meaning, and to grow from the learning experience” (Ally, 2008, p. 17). 
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• E-learning is “the use of new multimedia technologies and Internet to improve 
the quality of learning by facilitating access to resources and services, as well 
as remote exchange and collaboration” (Stamatis & Kargidis, 2004, p. 2)  
• E-learning is about information, communication, education and training. 
Regardless of how teachers categorise training and education, the learner 
wants the skills and knowledge to do a better job (Kelly, 2005). 
• E-learning covers a wide set of applications and processes, such as web-based 
learning, computer-based learning, virtual classrooms and digital 
collaboration. It includes e-learning via the internet, intranet/extranet, audio 
and videotape, satellite broadcast, interactive TV and CD-ROM (Blackmore & 
Wright, 2006). 
• E-learning refers to the use of internet technologies to deliver a broad array of 
solutions that enhance knowledge and performance (Rosenberg, 2001). It is 
based on three fundamental criteria:   
o E-learning is networked, which makes it possible to provide instant 
updating storage and retrieval, distribution and sharing of information.  
o E-learning is delivered to the end-user via a computer using standard 
internet technologies.  
o E-learning focuses on the broadest view of learning: learning solutions 
going beyond the traditional paradigms of training (Rosenberg, 2001).  
• E-learning is about the delivery of an education program via electronic means. 
These electronic means involve the use of a computer or electronic device (e.g. 
a mobile phone) to provide educational or learning materials. In addition, use 
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of a greater variety of equipment such as CD-ROM and DVD is recommended 
for providing learning materials (Stockley, 2006). 
The common theme across these definitions is that e-learning refers to the use of 
information and communication technologies for enhancing the transfer of 
knowledge from teachers to learners, with the emphasis on learners playing an active 
role.  
2.3 E-learning Ecosystems 
An ecosystem as “a biological community of interacting organisms and their physical 
environment” (Oxford, 2011). It is “the complex of living organisms, their physical 
environment, and all their interrelationships in a particular unit of space” 
(Encyclopedia, 2011). In simple terms, an ecosystem is a complex set of relationships 
between living organisms and their physical environments. It encompasses numerous 
abiotic (non-living) and biotic (living) factors functioning in an interrelated fashion. 
A sustainable ecosystem is one that survives by all components supporting each 
other. Failure of one component within an ecosystem would lead to the deterioration 
of the whole ecosystem. 
E-learning ecosystems focus on the interaction between teachers and learners, 
between learning resources and technologies, and between tools and systems for 
supporting the knowledge acquisition. Existing definitions on e-learning ecosystems, 
however, fail to incorporate these key dimensions essential for enhancing the e-
learning effectiveness.  
In this study, the definition of e-learning ecosystems is extended to encompass 
teaching and learning communities, principles and methods (e.g. adaptive and 
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active), substance and content (e.g. video, audio, text), systems and processes (e.g. 
internet, multimedia, semantic web), and management of learning resources (e.g. 
acquire, elicit, organise, retrieve, reuse). The following section provides a detailed 
account of relevant concepts and approaches related to each of these dimensions.  
2.3.1 Principles and Methods of Teaching and Learning 
The first key dimension of the e-learning ecosystem is the principles and methods of 
teaching and learning (Sridharan, Deng & Corbitt, 2010). The pedagogical principles 
in an e-learning context refer to the application of theories governing the practices of 
teaching and learning for enhancing the effective transfer of knowledge (Alonso et al., 
2005). In other words, principles and methods refer to appropriate use of 
pedagogical strategies. In this study, the principles and methods have been 
approached from the learner-centred, hybrid-based and teacher-centred approaches 
respectively. 
In learner-centred approaches, knowledge is constructed by learners, and the teacher 
is a facilitator of learning rather than a presenter of information. Learners take 
responsibility for learning related activities, such as planning, interacting with 
teachers and peers, researching, and assessing learning (Kember, 1997). Here 
learners take control over their learning processes with a key role in the knowledge 
accumulation process. These approaches focus their attention on the learners’ needs, 
abilities, experiences, interests and learning styles. It therefore effectively encourages 
active participation, collaboration, higher-order thinking and life-long learning (Bonk 
& Reynolds, 1997).  
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In hybrid-based approaches, both teachers and learners play a proactive role in the 
knowledge transfer and the knowledge acquisition processes respectively. The 
teacher’s role is to foster collaboration, effectively represent learning resources and 
effectively provide facilities for transferring knowledge. The learner’s role is to 
actively participate and exchange knowledge through collaboration with peers and 
teachers, representation of mental models, and exploitation of the available facilities 
for acquiring knowledge.  
In teacher-centred approaches, contrary to learner-centred approaches, the teacher 
plays a central role in the transfer of knowledge from teachers to learners. 
Accordingly, the teacher takes advantage of their content knowledge to help learners 
make the connection (Brown & Brundey, 2003). Learners therefore play a passive 
role in the knowledge acquisition process. Several studies have indicated that 
proactive involvement of teachers through adoption of teacher-centred pedagogies is 
essential for enhancing the e-learning effectiveness (Alonso, Manrique & Viñes, 
2009; Baker, 2004).  
There are numerous studies on the strategies for effective e-learning in the learner-
centred (Lieberman & DiVito, 1994; Salajan et al., 2009; Zhang, 2005), hybrid-based 
(Hampel & Keil-Slawik, 2001) and teacher-centred (Paramythis & Loidl-Reisinger, 
2004) learning approaches. An evaluation of existing literature reveals multiple 
strategies within each approach for augmenting the e-learning effectiveness. A 
comprehensive account of various strategies supporting these approaches is as 
follows. 
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Learner-centred Strategies 
The most popular strategies to use with the learner-centred approaches are active, 
interactive and explorative learning strategies (Lieberman et al., 1994; Salajan et al., 
2009; Zhang, 2005). Active and interactive learning are based on the principles of the 
constructivist learning theory, whereby learners construct their own knowledge 
(Hargis, 2001) from active learning experiences (Alexander et al., 2001). Learners do 
not already possess the knowledge; rather they construct the knowledge in their 
minds (Dagada & Jakovljevic, 2004). Active participation by the learners, either 
through interaction with domain experts or ‘hands-on’ experience via various means, 
such as computer-assisted, self-assessed quizzes (Bongey, Cizadlo & Kalnbach, 2005) 
or intelligent tutoring systems (ITS) (Kinshuk, 1996), are considered crucial 
contributors to effective e-learning.  
Explorative learning is where learners construct their own knowledge by exploring 
and discovering based on their own initiative. Learning by exploring is “an approach 
to instruction through which students interact with their environment by exploring 
and manipulating objects, wrestling with questions and controversies, or performing 
experiments” (Ormrod, 1995, p. 442). The learner learns through active exploration 
by uncovering inconsistencies in understanding and experience (Dalgarno, 2001, p. 
442).  
This discovery-based learning is popular due to its potential benefits for both 
teachers and learners (Bruner, 1960; Papert, 1990; Piaget, 1980). According to 
Papert, “You can't teach people everything they need to know. The best you can do is 
position them where they can find what they need to know when they need to know 
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it” (Gruwell & McCourt, 2007, p. 104). In this explorative scenario, learners take 
control of their learning to acquire knowledge via multiple channels.  
The essence of learner-centred approaches is that the learners take control of their 
learning processes (Vygotsky, 1978). Both the teacher’s provision of facilities for the 
three strategies mentioned above (active, interactive and explorative) and the 
learner’s ability to exploit the full potential of them in their knowledge acquisition 
process are critical for the success of e-learning.  
Hybrid-based Strategies 
The well-known strategies for supporting hybrid-based approaches are collaborative 
learning, concept mapping and blended learning. The first key hybrid-based 
approach to learning is collaboration and cooperation between learners for 
promoting knowledge construction, refinement and reinforcement (Osuna-Gomez et 
al., 2004).  
Collaborative learning refers to the instructional methods where learners have an 
opportunity to work in groups and exchange their ideas and understandings (Crook, 
1999). Creating an environment for an active collaborative and cooperative learning 
process (Hampel et al., 2001) is crucial in an e-learning context, based on the premise 
that learning is a social activity and occurs within a social context (Dalgarno, 2001). 
The sharing of individual and group knowledge helps in the formation of multiple 
perspectives, thereby building a coherent understanding of the knowledge building 
process (Koschmann et al., 1994). Active participation with peers is essential for the 
formation of mental models through reinforcement and understanding of concepts 
(Hampel et al., 2001). Existing evidence suggests that there are major advantages to 
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collaborative learning compared with the static, solo learning method where the 
teachers are the only source of knowledge (Sharon, 1980; Trotter, 2005).  
The two modes of collaborative and cooperative learning are synchronous or teacher-
facilitated and asynchronous or self-paced learning (Cummins & Sayers, 1995; 
Warschauer, Turbee & Roberts, 1996). Synchronous refers to happening at the same 
time, and asynchronous refers to happening at different points in time. Examples of 
synchronous learning, when teachers and learners exchange ideas and knowledge in 
real time, include chat rooms, live streaming video feeds and electronic whiteboards. 
Examples of asynchronous learning, when teachers and learners exchange ideas and 
knowledge at any time, include emails, bulletin boards, Wikipedia and Facebook.  
 Concept mapping is a technique for representing knowledge in diagrams, known as 
‘knowledge graphs’, which are networks of concepts with relationships between them 
represented by nodes and links (Novak, 1998). The primary goal of concept mapping 
is to effectively represent the understanding of learners and knowledge of teachers. 
Concept mapping enables sharing, exploring, acquiring and synthesising of 
knowledge.  
Using the concept mapping technique, learners can derive meaningful learning by 
developing various mental models and generating patterns of ideas (Gibson, 1979; 
Novak & Gowin, 1984). Concept mapping enables learners to visually review, capture 
and develop knowledge, and promote an active learning process (Chmielewski & 
Dansereau, 1998). Learners construct semantic relationships between concepts while 
internalising their knowledge (Saad & Zaghloul, 2002). In contrast, teachers 
construct concept maps to effectively represent and externalise their knowledge.  
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Blended learning is a hybrid version of e-learning by combining traditional face-to-
face learning and e-learning activities (Alonso et al., 2005; Colis & Moonen, 2001). It 
encompasses the characteristics of learner-centred, teacher-centred and knowledge-
centred approaches for creating an effective learning community (Alonso et al., 2005; 
Donovan, Bransford & Pellegrino, 1999). These consist of learner-centred via self-
paced learning processes by learners, teacher-centred via provision of facilities and 
access to supporting resources by teachers, and knowledge-centred through access to 
and use of learning objects (LOs) by teachers and learners respectively.  
The quintessence of these hybrid approaches is that both teachers and learners play 
an active role in the knowledge acquisition and knowledge transfer processes 
respectively for e-learning success (Anderson & Elloumi, 2008; Boyle et al., 2003; 
Chang, Sung & Chen, 2001). The three strategies mentioned above assist both 
teachers and learners to effectively fulfill the objectives of learning in e-learning.  
Teacher-centred Strategies 
The key strategy for supporting teacher-centred approaches is adaptive learning 
(Brusilovsky & Millán, 2007). Recognising the static nature of the current e-learning 
environment, which prescribes to ‘one size fits all’, an adaptive learning strategy 
accommodates to the differences in levels, styles and preferences of learners 
(Brusilovsky, 2004). Understanding the requirements of the learners, in terms of 
levels, preferences and styles, and provision of facilities catering to their differences, 
will enable an effective learning process (Jones et al., 1992; Paramythis et al., 2004).  
The crux of teacher-centred approaches is that teachers play a central role in the 
knowledge transfer process. Adoption of adaptive learning strategies through 
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personalised delivery of learning resources, to adapt to the levels, styles and 
preferences of individual learners, is critical to e-learning success (Rokou, 2004).  
In summary, learner-centred, hybrid-based and teacher-centred strategies play a 
critical role in e-learning success. These pedagogical strategies, however, have little 
value without the supporting learning resources, systems and processes in an e-
learning context. To better understand the role of the systems and processes in e-
learning, the following section discusses a variety of them that support e-learning. 
2.3.2 Systems and Processes in E-learning 
The second key dimension of the e-learning ecosystem is systems and processes for 
supporting the e-learning environment (Firdiyiyek, 1999; Govindasamy, 2001; 
Helmi, 2002). The systems and processes in the e-learning include all the relevant 
technologies that support learners in their knowledge acquisition process. Many 
innovative technologies are suggested in the literature for supporting learner-centred 
(Bonastre, Benavent & Garcia, 2005; Brusilovsky et al., 2003; McGreal, 2008), 
hybrid-based (Chou & Min, 2009) and teacher-centred (Banyard, Underwood & 
Twiner, 2006) approaches.  
Learner-centred Technologies 
Learner-centred technologies embracing various strategies, such as interaction, 
exploration and information processing, enhance learners’ knowledge construction 
and accumulation processes (Alavi & Leidner, 2001; Chou et al., 2009; Serva & 
Fuller, 2004). The technologies for supporting these learner-centred approaches 
include educational software that enables the learner to learn via their mistakes to 
understand the concepts. This is better than technologies supporting passive 
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learning, as active involvement helps learners to reflect on their learning (Alavi et al., 
2001; Serva et al., 2004).  
The three main types of software/technologies supporting learner-centred strategies 
are the drill and practice software (Alessi & Trollip, 1991; Bork, 1980; Cole & Griffin, 
1987), the intelligent tutorial software (Hegarty & Routen, 1996), and the information 
retrieval technologies (Shin, Jeong & Baik, 2006), which are commonly used in 
education.  
The drill and practice software is designed for reinforcing the learning material that 
has already been taught. It enables learners to identify and correct their mistakes 
based on the feedback. This type of software enables learners to reinforce their 
understanding of the concepts and to internalise the facts through exercises. They can 
make learning more effective (Alessi et al., 1991; Bork, 1980; Cole et al., 1987). 
The second type of software is the basic to advanced ITS. They were initially 
developed in the mid-1980s with many advancements introduced since then aimed at 
providing both information and knowledge for guiding through feedback 
mechanisms (Brusilovsky, Schwarz & Weber, 1996; Hegarty et al., 1996; Zhou & 
Evens, 1999). With the use of the software the learner can choose the appropriate 
path for learning.  
The information retrieval (search and retrieval) technologies range from 
conventional, general-purpose search engines (Li, Chen & Yang, 2002) to multi-
engine search systems (Sugiura & Etzioni, 2000). Many advancements to enhance 
search coverage and retrieval results have been developed, including metadata 
tagging (Brase et al., 2003; Nejdl, 2002), ontologies and semantic web technologies 
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(Maedche et al., 2002; Richards & Hatala, 2005; Staab, 2004), query refinement 
(Berri, Benlamri & Atif, 2006; Lee, Tsai & Wang, 2008), personalisation of query 
results (Keleberda, Repka & Biletskiy, 2006), and management of LOs (Horrocks & 
Hendler, 2002; Studer et al., 2001).  
The three main technologies for supporting the learner-centred approaches are drill 
and practice, ITS, and search and retrieval. Access to these technologies and a 
proactive use of them by learners are critical for an effective knowledge acquisition 
process.  
Hybrid-based Technologies 
Hybrid-based technologies have the capacity to support both teachers and learners in 
adopting hybrid-based strategies for teaching and learning (Chou et al., 2009; 
Dicheva & Dichev, 2006). An effective use of these technologies requires a proactive 
participation of both teachers and learners. The two key technologies in this category 
are computer-supported collaborative learning (CSCL) technologies (Chou et al., 
2009) and concept mapping technologies (Dicheva et al., 2006).  
In regards to the CSCL technologies, most of the predominant LMS support the 
collaborative learning facilities. Noteworthy developments in supporting the creation 
of a collaborative and cooperative learning environment have been recommended 
through the action-oriented approach and peer-peer collaboration facilities, among 
others (Chen & Yang, 2006; Curtis, 1992; Goodyear & Zenios, 2007; Hampel et al., 
2001). The most popular technologies for supporting collaborative learning activities 
in a virtual learning environment are the multi-user object-oriented (MOO) 
environment, multi-user shared hallucination (MUSH) and multi-user domain 
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(MUD) systems. As there is very limited integration of these technologies (i.e. MUD, 
MUSH and MOO) in e-learning, incorporation of these technologies has been 
recommended to enhance collaborative learning (Hampel et al., 2001).  
The second key technology, concept mapping, consists of various tools/systems to 
support concept, topic and mind mapping techniques (Kinchin & Cabot, 2007). 
Teachers can use these visual representation tools to represent the relationship 
between concepts to access resources (Dicheva et al., 2006; Le Grand & Soto, 2001). 
Learners can use them to internalise their understanding and knowledge by linking 
the concepts (Chang et al., 2001; Gurlitt & Renkl, 2008). The key tools/systems for 
supporting these teacher and learner activities include Compendium, MindGenious, 
FreeMind and TM4L. In recent years, advancement of these key tools/systems has 
been suggested by exploiting the potential of semantic web technologies (Alani, 2003; 
Dicheva, Dichev & Dandan, 2005; Fluit, Sabour & Harmelen, 2002; Mondeca, 2001). 
Thus, the two key technologies supporting hybrid-based approaches to teaching and 
learning are CSCL systems and concept mapping systems. The real success from 
effective use of these hybrid learning technologies requires both learners and teachers 
to play a central role in exploiting the benefits of the existing hybrid technologies.  
Teacher-centred Technologies 
Teacher-centred technologies support teachers’ endeavours to transfer knowledge in 
terms of managing and delivering instructional materials to fulfill the course or 
learning objectives (Janicki & Steinberg, 2003). They can be classified into 
technologies for authoring and presenting teaching resources, technologies to 
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accommodate different learning styles and preferences, and technologies to support 
the organisation of learning resources (Huang et al., 2006).  
In regards to authoring and presenting technologies, the most predominant state-of-
the-art technology is LMS, such as Blackboard, WebCT, TopClass, Learning Space, 
Moodle, Desire2Learn, Angel and eCollege. This technology greatly facilitates 
authoring, presenting and publishing of learning resources in the e-learning 
environment (Caniëls, Smeets-Verstraeten & van den Bosch, 2007; McGill et al., 
2009).  
With respect to adaptive technologies to support learners’ differences, technologies 
such as multimedia (El Saddik, Fischer & Steinmetz, 2001), hypermedia (Dimitroff & 
Wolfram, 1995), mobile (Evans, 2008), adaptive learning (Brusilovsky, 2004; 
Dagger, Wade & Conlan, 2004) and adaptive testing (Rios et al., 1999) play a critical 
role. For example, many studies have suggested the use of animation and multimedia 
technologies to adapt to the type of course being taught (Byrne, Catrambone & 
Stasko, 1999; El Saddik et al., 2001; Huang et al., 2006). Specifically, Byrne et al 
(1999) recommended computer animations to aid learning of algorithms. While 
Dimitroff and Wolfram (1995) suggested hypermedia technologies to support 
multimedia LOs, such as voice, video and graphics. To provide learners with 
flexibility in learning, Evans (2008) proposed mobile learning in the form of podcast 
lectures. To accommodate the differences in learning styles and preferences, 
Brusilovsky and Millán (2007) proposed adaptive educational systems and adaptive 
hypermedia technologies. 
With respect to technologies that support the organisation and reusability of learning 
resources, content management technologies have become increasingly popular in 
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recent years (Caniëls et al., 2007; Kumar & Sasikumar, 2007). Two well-known 
content management systems, namely Equella and HarvestRoad Hive, are already 
prevalent in the e-learning environment. Equella is a digital repository that enables 
authoring of learning resources by teachers. In addition to authoring and 
management of digital repositories, HarvestRoad Hive supports other features, such 
as integration with popular LMS, search facilities and copyright management.  
In summary, three key teacher-centred technologies provide support for authoring 
and presenting, catering to differences in learners’ styles and preferences, and 
effectively organising learning resources. These technologies embracing teacher-
centred approaches require proactive participation by teachers for effective transfer 
of knowledge to learners. Therefore, the success of these technologies depends on the 
commitment and interest from teachers in exploiting their full potential.  
On the whole, learner-centred, hybrid-based and teacher-centred technologies are 
essential in implementing the associated approaches for e-learning success. The use 
of these technologies for supporting pedagogies often leads to the generation of a 
huge amount of valuable learning resources. It is well-known that learning resources 
play a crucial role in effective implementation of various approaches to teaching and 
learning.  
2.3.3 Substance and Content in E-Learning 
The third key dimension of the e-learning ecosystem is the substance and content for 
supporting e-learning (Huang et al., 2006; Tzeng et al., 2007). The substance and 
content or LO in the e-learning environment include all relevant instructional 
materials that support learners in their knowledge acquisition process. Polsani 
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(2003) stated that a LO is an independent and self-standing unit of learning content 
that is predisposed to reuse in multiple instructional context. In other words, a LO is 
any chunk of learning materials or documents that supports teaching and learning of 
a concept in a given domain (Fairweather & Gibbons, 2006), regardless of whether it 
is a small piece or the whole content. LOs are comparable to LEGO blocks in that 
each block or object can be rearranged to build different objects. Learning object 
repositories (LOR), which are a collection of LOs, are considered as ‘fuel’ for the e-
learning vehicle. They have been described as the “libraries of the e-learning era” 
(Richards, Hatala & McGreal, 2004).  
Many innovative LOs are suggested in the literature for supporting learner-centred 
(Hannafin, Hill & Land, 1997), hybrid-based) (Audrey, 2004) and teacher-centred 
(Frederickson, Reed & Clifford, 2005; Khalifa & Kwok, 1999) strategies. This section 
is ordered based on the learning resources for the three approaches.  
Learner-centred Resources 
Learner-centred resources are not only generated from associated strategies and 
technologies, but also support the learner-centred strategies for teaching and 
learning. These resources scaffold various learner-centred strategies, such as active, 
interactive and explorative learning (Drago, Peltier & Sorensen, 2002; Hannafin et 
al., 1997). For instance, multimedia interactive learning resources such as Elluminate 
Live have proven to support active and interactive learning strategies (Audrey, 2004; 
Hannafin et al., 1997). Similarly, authenticated relevant external resources support 
explorative learning approaches (Drago et al., 2002).  
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Hybrid-based Resources 
Hybrid-based resources are generated through use of hybrid strategies and associated 
technologies, such as collaborative learning and concept mapping. These resources 
provide support for hybrid-based strategies to teaching and learning, such as 
collaborative learning (Winne et al., 2006)  and concept or mind mapping (Chang et 
al., 2001). For instance, capturing of implicit and explicit knowledge generated from 
collaborative strategies/technologies is proposed for creating repositories of LOs 
(Winne et al., 2006). Similarly, refining and defining of learning repositories from the 
collaborative learning technology is proposed for reusability of learning resources 
(Richards & Richards, 2007). Provision of diagram-based learning resources, such as 
mind, concept and topic maps, to facilitate simple and flexible visualisation (Dicheva 
et al., 2005) is proposed to enhance effective transfer of knowledge to learners. The 
effective use of these resources requires proactive participation by both teachers and 
learners. The role of learners is to share information and learning resources, and the 
role of teachers is to authenticate, prune and refine existing learning resources.  
Teacher-centred Resources 
Teacher-centred resources require proactive provision of resources supporting 
adaptive learning strategies. The most commonly used LOs in this category include 
text, hypertext, audio, video, PowerPoint, online browsing and podcasting 
(Frederickson et al., 2005; Khalifa et al., 1999). A worthy example is personalised 
LOs catering to the different needs of learners, such as visual learning resources for 
visual learners, active learning resources for active learners, and supporting adaptive 
learning strategies (Brady et al., 2008). Other suggested LOs include streaming 
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media, PowerPoint and hyperlinks to enhance learner-content interaction (Marks, 
Sibley & Arbaugh, 2005).  
The successful incorporation of these resources requires active participation of 
teachers in the creation, provision and organisation of these resources in e-learning. 
One of the key prerequisites is teachers’ knowledge in using the technologies for 
creating these resources. In addition, since the time and effort required to create 
these LOs are very high, the motivation from teachers is critical for implementing 
them.  
In summary, learner-centred, hybrid-based and teacher-centred learning resources 
are vital for supporting the associated approaches. Although these learning resources 
assist learners with their knowledge construction, they create information overload 
due to the enormous amount of LOs generated (Vivek et al., 2007) from multiple 
strategies and technologies. Such information overload prevents learners from 
effectively wading through the superfluity of information in the e-learning 
environment.  
Effective management of RLOs is essential in creating an RLOR for enhancing the e-
learning effectiveness (Demidova et al., 2005; Yang et al., 2006). This calls for 
application of knowledge management principles to manage e-learning resources. To 
better understand the role of knowledge management, the following section covers 
the knowledge management concepts in e-learning.  
2.3.4 Management of Learning Resources 
The fourth key dimension of the e-learning ecosystem is the management of learning 
resources (Demidova et al., 2005; Yang et al., 2006). Management of learning 
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resources refers to the creation, extraction, classification, retrieval, distribution and 
reuse of learning resources to fulfill the course learning objectives. To understand the 
link between knowledge management and e-learning, the fundamental concepts in 
knowledge management are explained in the following sections. Specifically, these 
sections cover the definition of knowledge management, applicability of knowledge 
management in e-learning, types of knowledge, distinction between knowledge and 
information in e-learning, components of knowledge management, the knowledge 
conversion process, and technologies supporting the knowledge management 
processes.  
Knowledge Management  
There is no unanimous agreement on the definition of ‘knowledge management’. 
Beckman (1997) referred to knowledge management as the formalisation of 
experience, knowledge and expertise to create capabilities, to enable superior 
performance, innovation and enhanced customer value. Sveiby (2000) argued that 
knowledge management has two senses: the first sense focuses on the process aspects 
of knowledge; the second sense views knowledge as objects that can be identified and 
manipulated using information management systems. Stuart (1996), on the other 
hand, defined the first sense differently: concerted effort to capture, organise and 
share what they know. Malhotra (1998) described knowledge management as a 
synergy between data, the information processing capacity of information technology, 
and the creative and innovative capacity of human beings. In general, knowledge 
management is widely referred to as an integrated and systematic process of 
acquiring, eliciting, organising, representing and retrieving information and 
knowledge. Extending this definition, management of LOs can be defined as the 
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concerted effort to capture, organise, authenticate, share and reuse information and 
knowledge.  
The crux of knowledge management is unwinding and sharing knowledge throughout 
the organisation to leverage the competitive advantage within that organisation. That 
is, the objective of knowledge management is to enable sharing and reuse of 
knowledge to attain competitive advantages (Duffy, 2001; Nonaka, 1998). Adopting a 
hybrid approach to knowledge management is ideal in e-leaning. This involves 
combining the best of what people can do; synthesising various unstructured 
knowledge and the best of what machines can do; and capturing, transformation and 
distribution of knowledge and information (Malhotra, 1998). To fully understand the 
applicability of knowledge management in e-learning, it is necessary to rationalise 
why such a process is required, which is discussed in the next section.  
E-learning and Knowledge Management  
E-learning and knowledge management disciplines have one crucial factor in 
common, which is the ‘knowledge’, the backbone for both fields. Knowledge 
management not only covers efficient acquisition and preservation of knowledge, but 
also incorporates how to transfer, represent and retrieve both tacit and explicit 
knowledge. All these aspects are critical for e-learning success.  
For instance, modern learning theories suggest that knowledge is acquired through 
various means, such as solving problems, discussing with peers and domain experts, 
and searching for alternative resources apart from the traditional sources like books, 
lectures, etc. Unfortunately, teachers and learners are transient. As a result, valuable 
lessons stemming from experience are lost in the process. The wheel is reinvented by 
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both parties on a regular basis. In this context, effective retention and reuse of 
valuable knowledge necessitates application of knowledge management concepts in 
e-learning.  
In the current e-learning scenario, learners are often confronted with more learning 
resources than they can effectively deal with. To tackle this problem of information 
overload, embracing the principles of knowledge management is imperative for 
successful management of e-learning resources. In line with this, it is vital to 
recognise the types of knowledge and the difference between knowledge and 
information. 
The two types of knowledge regularly discussed in the literature are explicit and tacit 
knowledge (Nonaka, 1998; Tiwana, 2000). Explicit knowledge is a formal knowledge, 
which can be articulated and transferred easily. It includes policies, procedures, 
theories and facts. In the learning context, it includes materials from the books, 
lecture notes, topic examples and solutions, and electronic resources. Tacit 
knowledge or implicit knowledge is informal knowledge, which is deeply rooted in a 
person's mind. It is highly personal, which makes it difficult to formalise and 
communicate or transmit – this type of knowledge is difficult to extract or articulate. 
Tacit knowledge is described succinctly in the quote, “we know more than we can tell” 
(Polanyi, 1966, p. 4).  
In e-learning, both types of knowledge are interconnected. Tacit knowledge includes 
the informal knowledge that teachers and domain experts derive from experience. 
Explicit knowledge includes the formal codified knowledge that is stored in various 
media, such as books, audio and video. Further to these two types of knowledge, 
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understanding the difference between information and knowledge in e-learning is 
fundamental. 
Knowledge “is the capacity to act effectively”, while information is “anything that can 
be digitized” (Dawson, 2000, p. 321). In a learning environment, the difference 
between knowledge and information is relative. Learning is described as a 
progression from data to information and then to knowledge and wisdom, and is a 
continuum with grey areas overlapping between them (Teo & Gay, 2006). Mental 
models and tacit knowledge are transferred to learners through dialogue, discussions 
and lectures.  
Nonaka et al. (2000) stated that knowledge is context-specific, dynamic and 
relational, while knowledge without reference to context is just information. 
Information becomes knowledge in a given context when cognition takes place. 
Explicit knowledge becomes tacit when learners internalise information through 
various means. Both tacit and explicit knowledge complement one another (Nonaka 
et al., 2000), because written speech is possible only after the internal thought 
process is well-developed (Vygotsky, 1978). Accordingly, information and knowledge 
are used interchangeably in this study.  
The important components of knowledge management are people, content, culture, 
processes and technology (Phillips, 2000), as shown in Table 2.1.  
In e-learning, teachers and learners take on the role of creating, sharing and reusing 
knowledge. Content includes context-specific, relevant and authenticated knowledge 
and information to be shared and managed. A culture of sharing is crucial to the 
success of knowledge management in a learning environment. In the e-learning 
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environment, this can be achieved through synchronous and asynchronous learning 
systems. Processes include acquisition, organisation, authentication and retrieval of 
knowledge, which are crucial for the successful transfer of knowledge for both 
learners and teachers.  
As an example, an authentication process can be achieved through the validation of 
collected knowledge based on the information provided by experts in the domain 
area. Technologies such as communications technology, collaborative technology, 
artificial intelligence and business intelligence can play the role of enabler and 
facilitator in a learning environment. This facilitates the creation of knowledge 
repositories required in the e-learning environment from various sources.  
Table 2.1 Components of Knowledge Management 
The four key knowledge conversion processes identified include 
socialisation/cognition, externalisation, intermediation/combination and 
internalisation (Nonaka & Takeuchi, 1995; Phillips, 2000), as shown in Figure 2.1. 
These four processes deal with the transfer of tacit to tacit knowledge 
(socialisation/cognition), tacit to explicit knowledge (externalisation), explicit to tacit 
knowledge (internalisation), and explicit to explicit knowledge 
(intermediation/combination).  
Component Association 
People Creating and sharing of knowledge by people 
Content Information and knowledge to be created and shared 
Culture Culture of sharing rather than hoarding knowledge and 
collaborative work 
Processes Acquisition, organisation, dissemination, authentication and 
retrieval of knowledge 
Technology Enabler and facilitator of any knowledge management system 
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Knowledge cannot be transferred into explicit knowledge without tacit knowledge. 
Without explicit knowledge, tacit knowledge cannot be internalised. As a result, both 
tacit and explicit knowledge are intrinsic for an effective transfer of knowledge. 
In the educational environment, the socialisation process involves an exchange of 
tacit knowledge through conference attendance, brainstorming exercises, 
collaborative activities and other social meetings. The externalisation process 
requires a conscious effort by the domain expert to transform tacit knowledge into 
explicit, which is often difficult to extract or articulate. The intermediation process 
involves the conversion of heterogeneous knowledge into authenticated, well-
organised resources. The internalisation process can be achieved via feedback from 
the learners relating to their real-life use of the expertise gained in their course, or 
from the performance of the learners as they are assessed at the end of their course.  
 
Figure 2. 1 The Knowledge Transfer Process in Learning 
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The key activities facilitating the knowledge conversion processes are knowledge 
extraction, knowledge classification, knowledge retrieval and knowledge distribution 
(Nonaka et al., 2000). Knowledge extraction includes both creation and extraction of 
knowledge. Knowledge creation involves all four knowledge conversion processes for 
transfer of knowledge from tacit to tacit, tacit to explicit, explicit to tacit and explicit 
to explicit. Knowledge extraction involves externalisation in the form of LOs, 
metadata and annotations for various knowledge learning resources. Knowledge 
classification also involves externalisation in the form of domain experts’ input for 
classification and clarification of topics in a given domain. Knowledge retrieval 
involves intermediation through push (e.g. automatic email notification) and pull 
(e.g. search and retrieval mechanisms) technologies. Similarly, knowledge 
distribution through sharing and reuse also involves intermediation through 
technologies, such as synchronous and asynchronous collaboration technologies. 
These activities enable a three-way knowledge transfer process: between learners and 
domain experts, between learners of the same generation, and between successive 
generations of learners. One of the vital elements for materialising the knowledge 
conversion process is technology support, which is discussed in the following section.  
Technologies Supporting Knowledge Management 
Technology support is critical for the effective management of learning resources. 
Embracing recent developments in semantic web technologies can support the 
provision of an efficient e-learning environment through effective management of 
learning resources (Huang et al., 2003; Stojanovic, Staab & Studer, 2001). The 
semantic web is an extension of the current World Wide Web, with advanced features 
enabling the presentation of information on the web and the manipulation and 
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understanding of content by both humans and other computers. In other words, the 
semantic web envisions intelligent information processing (Berners-Lee, Handler & 
Lassila, 2006).  
In a learning context, the semantic web is essential due to the fact that learning 
resources on the internet are increasing at an astronomical rate. In meeting this 
challenge, a mechanism is required to process and filter the resources for intelligent 
discovery, extraction, integration and reuse (McIlraith, Son & Zeng, 2001). 
To make the semantic web vision a reality, structuring and standardising the 
available information is essential (Gruber, 1995; Haase, 2004). Two key elements for 
facilitating these aspects are ontologies and metadata – that is, learning object 
metadata (LOM) in e-learning. Ontologies and metadata are the building blocks for 
the materialisation of the semantic web. In plain terms, ontologies are metadata and 
structured vocabularies in any domain, such as concepts, definitions, properties, 
attributes and constraints.  
The first element for supporting the semantic web through standardisation is 
ontologies. An ontology is a formal and explicit specification of a shared 
conceptualisation in any given domain (Gruber, 1993). Ontologies are the metadata 
schema providing a controlled vocabulary of related concepts (Maedche et al., 2002). 
That is, an ontology is a document that formally defines the relationship among 
concepts (Berners-Lee et al., 2006). It provides a mechanism to communicate 
between people and computers through a shared understanding of resources within a 
domain (Davies, Fensel & Harmelen, 2002).  
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The most typical kind of ontology for the Web has a taxonomy and a set of inference 
rules (Berners-Lee, Hendler & Lassila, 2001). Examples of ontologies include 
WorldNet ontologies that provide a thesaurus for over 100,000 terms in natural 
language (Meersman, 1999), and the Dublin Core Metadata Ontology (Weibel, 1999) 
that provides a standard for describing web-based information.  
Ontologies facilitate the capture and construction of knowledge with the consensus of 
domain experts. They enable the representation of knowledge and integration of 
knowledge bases, irrespective of the heterogeneity of knowledge sources. 
Consequently, ontologies can facilitate effective retrieval and management of 
knowledge resources (Horrocks & Hendler, 2002; Nejdl, 2002). To conclude, 
ontologies are the backbone of the semantic web to facilitate sharing and reuse of 
knowledge (Fensel, 2002).  
The other element for supporting the semantic web through standardisation is 
metadata (Hodgins, 2000; Recker & Wiley, 2001). Metadata contains structured 
information about LOs, and it can be either subjective or objective (Hodgins, 2000). 
Objective metadata includes factual information such as author, subject and date. 
Subjective metadata includes items such as annotations and keywords, which are 
highly valuable in accessing LOs. The importance of subjective metadata has been 
recognised (Hodgins, 2000; Recker et al., 2001) for the reuse and context-specific 
retrieval of LOs.  
The creation of metadata with the formal description of the content, context and 
structure of resources is fundamental to the semantic web (Marshall et al., 2003). 
Semantic metadata is defined as “the process of attaching semantic descriptions to 
web resources by linking them to a number of classes and properties defined in 
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ontologies” (Scerri, Abela & Montebello, 2005, p. 1). Through the use of the 
ontological structure, semantic metadata has proven to be superior due to its 
flexibility, human readability and machine processablity (Al-Khalifa & Davis, 2006).  
In a learning context, LOM is the central component of LOs (Brase et al., 2003), 
facilitating the standardisation of learning resources. LOM provides a set of standard 
elements for describing the LOs, enabling faster accessibility, sharing and reusability 
of learning resources. The semantic description of LOs through metadata and 
ontologies support interoperability and reusability of LOs. 
To facilitate the standardisation of learning resources, various metadata standards 
have been developed: Dublin Core, the Institute of Electrical and Electronics 
Engineers (IEEE) LOM, IMS Learning Resource Meta-data, shareable content object 
reference models (SCORM) and Cancore (Brase et al., 2003; Duval, 2006; Friesen & 
McGreal, 2005; Gonzalez-Barbone & Anido-Rifon, 2008). The Dublin Core (Brase et 
al., 2003) is one of the most well-known standards and contains 13 elements, 
including title, creator, data, publisher and subject, to support information retrieval. 
In an e-learning context, the IEEE LOM (Duval, 2006) standard is widely accepted 
due to its flexibility in terms of extending and adding new data elements. IEEE LOM 
has 80 fields arranged in a taxonomical structure, with categories that include 
educational, general and annotation. 
Three important technology components necessary for the viability of the semantic 
web are extensible mark-up language (XML), resource description format (RDF) and 
ontology web language (OWL) (Browne & Jermey, 2004; Delteil, Faron-Zucker & 
Dieng, 2001; Le Grand et al., 2001; Pepper & Moore, 2007; Yang et al., 2006).  
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XML helps in acquiring information from different sources by using structured 
metadata tags. However, it is not expressive enough, due to lacking the ability to 
enable computers to understand the meaning of search terms for effective 
manipulation. RDF, which is based on XML technology, allows for the expression of 
meaning and information, such as the characteristics of resources and the 
relationship between them. This enables machines to make logical connections in 
understanding the content for providing appropriate search results. RDF is a mark-
up language for data similar to the way that HTML is used for text (Yang et al., 2006). 
It contains both data and information about data for helping the computer 
understand. However, RDF lacks formal semantics, which is taken care of by OWL.  
Ontologies enable a representation of semantic relationships between the data. 
Through the use of ontologies, ambiguities in representing concepts and 
terminologies are removed through well-defined terms and relationships between 
them (Gruber, 1993). Graphical ontology authoring tools, such as Protégé and 
OntoEdit, are used in practice for developing ontologies (Alani, 2003; Browne et al., 
2004; Zhai, Wang & Lv, 2008). These tools enable the generation of output based on 
the high-level ontology languages, such as OWL (Deliiska, 2007; Vatant, 2003). The 
World Wide Web consortium (W3C) has recommended OWL as a language for 
representing ontologies (W3C, 2010), and it is becoming very popular as an ontology 
representation language for creating the semantic web. OWL is basically derived from 
XML and RDF technologies. 
In conclusion, effective management of learning resources is critical for the e-
learning effectiveness. The recent developments in semantic web technology can 
augment creation, extraction, organisation, retrieval and reuse of learning resources 
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in e-learning. The two aspects of the semantic web, namely ontologies and metadata 
standards, play a key role in the effective management of learning resources. 
Exploiting the technology components can generate a tremendous improvement to 
managing knowledge and information through semantic webs in the e-learning 
environment.  
2.4 Concluding Remarks 
This chapter aims to build a foundation to this study by explaining various concepts. 
To accomplish this objective, concepts derived from the fields of education, 
information technology and knowledge management are discussed. Figure 2.2 
summarises the concepts and their interrelationships, as explained in this chapter.  
First, the concepts relating to e-learning and e-learning ecosystems are defined and 
explained. The four critical dimensions of e-learning ecosystems are identified: 
principles and methods (pedagogical strategies), systems and processes 
(technologies), substance and content, and management of learning resources 
(management).  
Second, a range of strategies for supporting the principles and methods are discussed 
under the learner-centred, hybrid-based and teacher-centred approaches. It is noted 
that these approaches have little value without facilitating technologies in e-learning. 
Third, diverse technologies for aiding multiple pedagogies are identified and 
discussed under three classifications: learner-centred, hybrid-based and teacher-
centred technologies. A proactive role of learners, teachers and learners, and teachers 
is essential for success across these three respective technologies.  
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Fourth, multiple learning resources are identified for supporting various approaches: 
learner-centred, hybrid-based and teacher-centred resources. The importance of 
effective management of these resources is highlighted for creation of a RLOR.  
Fifth, several concepts are discussed relating to the management of learning 
resources: definition and description of knowledge management, justification for 
applicability of knowledge management in an e-learning context, types of knowledge, 
differentiation between knowledge and information in e-learning, components of 
knowledge management, knowledge conversion processes, and technologies 
supporting the knowledge management process.  
In conclusion, pedagogies, technologies, learning resources and management of 
learning resources are mutually interdependent. Their seamless integration is vital 
for sustainable e-learning ecosystems. Pedagogical strategies without associated 
technologies and effective management of learning resources have no meaning in an 
e-learning context. Similarly, without understanding the pedagogical principles 
behind technologies and learning resources, they have little value in an e-learning 
scenario.  
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Figure 2. 2 Interaction between E-learning Ecosystem Dimensions 
 
  
Chapter 3 
Literature Review 
“The greatest enemy of knowledge is not ignorance; it is the illusion of knowledge.”  
Stephen Hawking 
 
3.1 Introduction 
Recent developments in e-learning stem from multiple learning paradigms and a 
variety of learning models. The main message from existing literature is that the 
overall e-learning success depends on combining multiple learning paradigms and 
models when creating sustainable e-learning ecosystems (McPherson et al., 2008). It 
is clear that one of the effective methods for evaluating the relationship between 
these critical dimensions is by assessing the preferences and perceptions of major 
stakeholders in e-learning (Ehlers, 2004). There is, however, a lack of adequate 
models for evaluating the complex interaction between various dimensions of e-
learning ecosystems (Hoffman, 2005). Furthermore, there is a dearth of qualitative 
and quantitative research that examines the influence of these four dimensions on the 
effectiveness of e-learning from the perspective of major e-learning stakeholders.  
The purpose of this chapter is to provide a strong groundwork for facilitating the 
development of conceptual models that fulfill the research objectives of this study. 
This chapter therefore focuses its attention on both the theoretical and empirical 
research, drawing from existing learning theories and various e-learning models.  
To fulfill the purpose of this chapter, it is organised into five sections. Section 3.2 
examines the literature relevant to learning philosophies and paradigms on which 
this study is based. Section 3.3 reviews the literature on popular e-learning models 
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developed from various learning philosophies. Section 3.4 then examines the four key 
e-learning ecosystem dimensions (pedagogies, technologies, learning resources and 
management of learning resources) derived from the review of literature. Finally, 
section 3.5 ends the chapter with concluding remarks.  
3.2 Learning Theories and Philosophies 
Learning is “a change in human disposition or capability that persists over a period of 
time and is not simply ascribable to process of growth” (Gagne, 1977, p. 3). Learning 
theories concern themselves with the knowledge relevant to understanding the 
complex processes in terms of how learners learn (Smith & Ragan, 1993). The two key 
values of learning theories are the provision of conceptual frameworks for 
interpreting the learning examples, and the suggestions on where to look for 
solutions for practical problems (Hill, 2002).  
Learning theories are crucial for a coherent and effective organisation of elements 
involved in an educational environment. The three key functions of learning theories 
are (a) to enable the educational community to envision the ‘big picture’; (b) to help 
the educational community to effectively use limited time and resources for fulfilling 
the learning objectives; and (c) to help the educational community to build upon 
what is known (Wilson, (1997). Learning theories are fundamental for developing 
effective instructional design principles that facilitate success in e-learning.  
There has been a phenomenal shift in research and development relating to learning 
theories, particularly since the revolution in information and communication 
technologies (Gallie & Joubert, 2004). The ‘old school’ of thought emphasised the key 
role of teachers in the educational knowledge transfer process, where there was no 
Literature Review 2011 
 
Page 54 
technological influence. Yet with the advent of technologies, these philosophies have 
shifted from passive to active participation of learners, and active to guiding roles of 
teachers in the knowledge transfer process. For the purpose of this study, these 
learning theories are classified into four paradigms: behaviourism, cognitivism, 
constructivism and connectivism. Support for this study comes from various learning 
theories and philosophies. The principles and philosophies associated with each of 
these paradigms are discussed in the following sections.  
3.2.1 Behaviourism 
Behaviourism or objectivism dominated the school of thought in learning theories in 
the 20th century. The main influence of behaviourism is Pavlov’s (1927) classical 
conditioning experiment in which the behaviour becomes a reflex response to stimuli. 
Following on from this, Skinner’s (1974) work on “operant conditioning”, which 
relates to reinforcement of the behaviour by a reward or punishment system, 
provides impetus for behaviourism. The proponents of behaviourism have assumed 
that there is a direct relationship between stimuli and responses in learning (Smith et 
al., 1993; Thorndike, 1910; Watson, 1913; Woodworth, 1924). That is, psychological 
stimulus-response is the key characteristic of behaviourism. The belief in 
behaviourism is that overt behaviour can be observed and measured as an indicator 
of learning (Good & Brophy, 1990).  
Behaviourism supports a teacher-centred approach to learning, with the teacher 
having a central role to play and learners a passive one in the knowledge transfer 
process. In this objectivist approach to teaching and learning, the mind is visualised 
as an empty vessel, a tabula rasa, which needs to be filled with knowledge (Steffe & 
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Gale, 1995). In behaviourism, the principle of rote learning through repetition is 
considered the best way for learning.  
One of the most noteworthy weaknesses of behaviourism, however, is the perception 
of the learner’s mind as an empty vessel or ‘black box’. Behaviourism fails to 
acknowledge the key role of the internal mental process in acquiring knowledge. 
3.2.2 Cognitivism 
The theory of behaviourism has been criticised for too much dependency on overt 
behaviour in defining what learning is about. As a result, cognitivism became 
dominant in the 1960s when many educational psychologists deviated from 
behaviourism, with more attention paid to the internal mental processing of the 
mind. The two key aspects of cognitivism are that human memory is an active, 
organised information processor and that prior knowledge plays a key role in 
learning. Cognitivism centres on exploring mental processes of thinking, problem-
solving and opening the black box of the human mind. Ausubel (1963) acknowledged 
that meaningful knowledge is idiosyncratic to each person’s particular cognitive 
structure, and that new knowledge must interact with the learner’s cognitive 
structure. The major contributors to cognitivism are Bruner (1960), Ausubel (1968),  
Merrill (1983),  and Gagne, Briggs and Wager (1992).  
In cognitivism, learners are considered as active participants in the learning process. 
Teachers can effectively transfer knowledge to learners, if they know the learner’s 
prior knowledge and how the information is processed and structured in the learner’s 
memory. Due to a limited human memory capacity, however, this theory proposes 
organising and chunking learning materials to appropriate sizes to avoid overloading 
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and thereby facilitate effective learning. As a result, structuring, organising and 
sequencing of learning information become critical for improving the effectiveness of 
learning. Furthermore, there is a need to accommodate the variations in learning 
styles because internal thinking and information processing differ between learners. 
As a result, cognitivism encourages teachers to use various teaching strategies to 
enable learners to acquire knowledge more effectively.  
In summary, cognitivism assumes that effective teaching and learning depend on 
both teachers’ presentation capabilities and learners’ processing capabilities of 
information and knowledge. One of the key limitations of cognitivism, however, is 
that it does not recognise learning as a social process, which resulted in the 
emergence of constructivism (Vygotsky, 1978).  
3.2.3 Constructivism 
Constructivist learning is a paradigm shift from the traditional teaching and learning 
approaches. The essence of constructivism is that learners construct their own 
knowledge and understanding of ideas by actively interacting and exploring within 
the learning environment (Vygotsky, 1978). In other words, learning is an active and 
contextualised process of constructing knowledge. The constructivist knowledge-
building process is described as a “cycle of internalization of what is outside, then 
externalization of what is inside” (Papert, 1990, p. 3). Dewey (1938) pointed out that 
learning is a process of continuous and active construction and reconstruction of 
experiences. The leading contributors to constructivism are Dewey (1938), Bruner 
(1960), Montessori (1965), Vygotsky (1978), Piaget (1977) and Papert (1990).  
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Within the constructivist learning theory, the learner is not considered as a tabula 
rasa or blank slate. They have pre-existing knowledge that is used for interpretation 
and construction of new knowledge. In a constructivist learning environment, 
learners work together and support each other as they use a variety of tools and 
information resources in their guided pursuit of realising learning objectives and 
problem-solving activities (Wilson, 1996).  
The constructivist teaching approach proposes learning as an active and engaged 
constructive process for acquiring knowledge (Duffy & Jonassen, 1992). It is based on 
the belief that knowledge cannot be forced into the heads of the learners. The 
accumulation of knowledge requires self-motivation and self-regulation through 
reflection, participation and abstraction. In line with this belief, learning by doing 
and learning from mistakes are essential for effective knowledge acquisition, and 
errors are considered to be positive aspects of learning. Learners constantly construct 
and reconstruct knowledge rather than just store information.  
Unlike the prevalent traditional teaching strategies in which a bottom-up approach is 
recommended, learners are introduced to problems from the beginning and 
encouraged to increase their knowledge by trying to solve the problems in the 
constructivist learning approach. In other words, learners are given examples rather 
than the abstract rules for acquiring knowledge. This is because learners better 
understand the rules behind the concepts by learning from examples rather than 
formal abstract definitions (Bruner, 1960). Pedagogical methods like discussion, 
collaboration, sharing of knowledge/views and active participation are encouraged 
with the adoption of this approach (Lave & Wenger, 1998). This leads to numerous 
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types of interactions identified as essential for facilitating higher-level learning and 
social presence (Ally, 2008; Anderson, 2003; Vygotsky, 1978).  
In summary, interaction and active participation of learners in the construction of 
knowledge is vital to the constructivist paradigm. One of the key limitations of 
constructivism, however, is the lack of recognition of the problems associated with 
the advancement of information and communication technologies, such as 
information overload and authenticity of information. To fill this gap, the theory of 
connectivism has started gaining momentum in recent years.  
3.2.4 Connectivism 
Connectivism is a reasonably new learning theory proposed by Siemens (2005) and 
Downes (2006). The main influence on connectivism is from the rapid advancement 
of information and communication technologies in recent years. The proponents of 
connectivism emphasise the importance of learners adapting to the digital age and 
the changing networked environment. In such an atmosphere, with continuous 
changes to online information, learners no longer have control over what they learn. 
In this scenario, learning is an ongoing life-long process with constant updating of 
learning resources to replace obsolete knowledge and information (Downes, 2006).  
The crux of the connectivist paradigm is that learning is no longer an individual or 
internal process within the digital era. It is influenced by various environmental 
factors, such as innovation of new tools and technologies, and the information 
explosion within the educational setting. As a result, learners have to learn, unlearn, 
evaluate and filter relevant quality information within the networked environment. 
This becomes even more essential as information on the internet rapidly increases on 
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a daily basis, which necessitates constant updating of knowledge by learners to keep 
up-to-date in their relevant fields. As knowledge and information within the 
networked environment reside not only in the human mind but also in machines, this 
paradigm proposes the importance of designing instruction for both humans and 
machines to facilitate effective interactions between the two.  
Another key aspect of this paradigm is nurturing and maintaining the connection 
between learners and LOs through exchanging knowledge. Since knowledge emanate 
from diverse opinions and viewpoints, connecting learners for sharing, acquiring and 
accumulating knowledge is a necessary part of the learning process (Ally, 2008). In 
line with this, a multi-channel delivery of learning materials to exploit the potential of 
information and communication technologies is recommended for improving the 
effectiveness of learning (Mukhopadhyay & Parhar, 2001). 
3.2.5 Summary of Learning Theories and Philosophies 
All of the four learning theories discussed above overlap each other with different 
strengths and weaknesses for enhancing the effectiveness of learning. The 
behaviourist’s prime focus is on building a strong foundation with teacher-centred 
rote learning principles through adopting a bottom-up approach for acquiring 
conceptual knowledge before application knowledge. Cognitivists emphasise the 
importance of organising information and prior knowledge as the foundation for 
learning. This paradigm stresses an objectivist bottom-up approach to learning. 
Constructivists draw attention to the importance of active learning processes through 
learner-centred approaches, while connectivists suggest catering to the demands of 
the digital age and highlight the importance of connecting learners with machines, 
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resources and other learners. Table 3.1 summarises the key principles and chief 
proponents of each of the four learning theories. 
Table 3.1 Summary of Learning Theories, Proponents and Principles 
Figure 3.1 presents the philosophical changes in the learning process across all four 
learning theories. The behaviourist paradigm of input-output is extended to input-
process-output for incorporating the cognitivist paradigm. This paradigm is then 
further extended to input-interactive mental process-output in constructivism, with 
learners’ active participation as central to learning. Connectivism refines the concept 
Paradigms Main 
proponents 
Key principles 
Behaviourism Pavlov 
Skinner 
Watson 
Thorndike 
Smith 
Overt behaviour as indicator of learning 
Use of rote learning methods 
Teacher-centred learning process 
Objectivist approach to learning 
Learners play a passive role in learning 
Learning is an external process 
Bottom-up approach 
Cognitivism Bode 
Merrill 
Bruner 
Gagne 
Briggs 
Wager 
Human memory is an active organisation 
processor 
Learning is an internal process 
Prior knowledge is a key aspect of learning 
Learners actively participate in learning process 
Chunking of information in appropriate sizes for 
easy processing  
Exploring and discovery learning 
Recognise learners’ differences in learning styles 
Constructivism Dewey 
Bruner 
Montessori 
Learning is an active construction and 
reconstruction of knowledge 
Learner-centred approach 
Active and engaged learning process 
Collaboration is a key activity 
Connectivism Siemens 
Down 
Learners in the digital age learn in a networked 
environment 
The need for evaluating and acquiring knowledge 
from the internet due to information explosion 
Learning is an ongoing life-long process 
Connecting with other learners is key to acquiring 
and sharing knowledge 
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of interactive mental processes by incorporating the exchange of information not only 
between humans but also with machines.  
 
Figure 3. 1 Progressive Views on Learning Philosophies 
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In order to exploit the potential of each of these theories, Ertmer and Newby (1993) 
proposed combining the behaviourist, cognitivist and constructivist schools of 
thought as a taxonomy for learning. The researchers suggested using the behaviourist 
principles to teach facts (‘what’ aspect), the cognitivist principles to teach processes 
and principles (‘how’ aspect), and the constructivist principles to teach higher-order 
thinking and learning skills (‘why’ aspect). Acknowledging the importance of such an 
approach, this study prescribes to incorporating all four learning theories.  
3.3 E-Learning Models  
The importance of developing epistemological frameworks is acknowledged by many 
researchers (Bednar et al., 1995). Epistemology is concerned with the nature and 
scope of knowledge, addressing various questions relating to it, such as how 
knowledge is acquired and what knowledge is about. Emphasising the importance of 
linking theories to practices, Bednar et al. (1995, p. 90) affirmed that “effective design 
is possible only if the developer has a reflexive awareness of the theoretical basis 
underlying the instruction design”. Instructional design is a systematic process 
towards the creation of effective and efficient instructions. As a result, adopting an 
eclectic approach to teaching and learning by “selecting principles and techniques 
from many theoretical perspectives” is desirable (Bednar et al., 1995, p. 100).  
E-learning models have evolved for fulfilling changing requirements within 
educational environments. The first generation models aim at delivering educational 
content through technologies, and are strongly influenced by the behaviourist 
principles. The primary objective is on the electronic delivery of content following a 
bottom-up approach. Some initial models for fulfilling this objective include Bloom’s 
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taxonomy model (1956), Dick and Carey’s instructional systems design (ISD) model 
(1990), Gagne’s ISD model (1977), and LMS models (Jim, 2003; Mallon, Howard & 
Danna, 2009; Michael, Brian & Jon, 2005; Monachesi, Lemnitzer & Simov, 2006).  
The second generation models focus on building on the above models to incorporate 
cognitivist principles and some form of constructivist principles of learning. Three of 
the relevant models that are discussed in this study are ITS (Sleeman & Brown, 1982), 
concept mapping (Novak et al., 1984), and topic mapping (Pepper, 2000). 
The third generation models have been developed by adopting the constructivist 
paradigm of learning. The two key factors emphasised in these models are that 
learners play an active role in the knowledge construction process and that prior 
knowledge plays a key role in knowledge acquisition and exploration. Models that are 
considered here are the demand driven model (MacDonald et al., 2001), interaction 
models and the theory-based design model (Dabbagh, 2005). The demand driven 
model is a generalised model highly derived from constructivism and some elements 
of cognitivism. Interaction models considered in this study include conversational 
model (Laurillard, 1993), the community of inquiry model (Garrison & Anderson, 
2003), Anderson’s model of interaction (2003), Ally’s Model of interaction (2008) 
and the networked learning model (Goodyear, 2002). The key underpinning 
philosophy of these interaction models is that learning is a social activity. The theory-
based design model is a broad model with its beliefs derived from both 
constructivism and cognitivism.  
The fourth generation models have been developed to meet the demands of growing 
information in the internet era, highly influenced by the connectivism principles to 
handle the information overload problem. Some of these models include LO models 
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(Duval, 2006), semantic web models (Al-Khalifa et al., 2006; Anderson & Whitelock, 
2004; Berners-Lee, Hendler & Lassila, 2001; Chu & Cesnik, 2001; Dicheva & Dichev, 
2005) and MIT open courseware models (MIT, 2010).  
This study incorporates the principles from all four learning models, with main roots 
stemming from behaviourism, cognitivism, constructivism and connectivism. Many 
of these models have overlapping principles and objectives. In other words, these 
models are influenced by multiple theories of learning, with strong or weak links with 
various learning paradigms. In order to assess existing models based on the above 
classification, the following sections cover a selected number of learning models.  
3.3.1 First Generation Models 
The models with roots stemming from behaviourism and its principles are classified 
into the first generation models. Specifically, this study has looked into three relevant 
models: Bloom’s taxonomy model, ISD models and LMS models. With respect to the 
ISD models, both Dick and Carey’s (1990) and Gagne’s models (1977) are explored. 
Bloom’s Taxonomy Model 
One of the most influential models that is the basis for developing many e-learning 
models is Bloom’s taxonomy model (1956). This model provides a general structure 
for effectively planning, designing, assessing, evaluating and delivering education and 
training based on a taxonomic analysis of learning behaviours. 
Primarily based on the behaviourist principles, Bloom (1956) provided a taxonomical 
analysis of learning behaviours. Bloom classified learning objectives into six levels of 
learning: knowledge, comprehension, application, analysis, synthesis and evaluation. 
As shown in Figure 3.2, learning starts at the base level of the pyramid model, while 
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high-level deep learning is at the top. In this model, all four learning paradigms can 
be applied for developing an effective e-learning model.  
  
Figure 3. 2 Bloom’s Taxonomy Model (Bloom, 1956) 
This model provides a general structure for the development of ISD models. It forms 
a basis for developing later models that extend other learning theories, such as 
cognitivism and constructivism. The lowest level shows knowledge acquisition 
through passive and rote learning (or superficial learning) for developing a strong 
foundation of concepts. Behaviourists’ principles are well-suited to this level of 
knowledge acquisition. Towards the middle levels, the application of cognitivist 
principles with prior knowledge and organisation of information are the necessary 
features for comprehension and application. At the top level, analysis, synthesis and 
evaluation are required for enhancing knowledge through the constructivist 
principles of learning via active participation and idea refining (or deep learning) via 
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collaboration and exploration. Connectivist principles can be visualised across all 
levels of Bloom’s taxonomy model, from providing information content in the 
networked knowledge at the lowest level to connecting learners at the highest level. 
ISD Models  
The ISD model, also known as the ADDIE (analysis, design, development and 
implementation) model, is the most widely used method for developing instructional 
design(Leshin, Pollock & Reigeluth, 1992). Based on the behaviourist principles, the 
essence of the model is that a set of components work together to achieve the final 
learning outcome; each step provides input to the next step. Originally developed as a 
waterfall model, it has been refined into a dynamic model for fulfilling the changing 
requirements of instructional design. Two of the well-known ISD models based on 
the ADDIE principles are Dick and Carey’s (1990) and Gagne’s models (1977). 
Dick and Carey’s (1990) model takes its roots from the objectivist behaviourist 
principles of rote learning. It provides a set of comprehensive and iterative processes 
for achieving the learning objectives. This model incorporates nine phases, 
commencing with the identification of instructional goals and ending with a 
summative evaluation, as shown in Figure 3.3. The key characteristic of this model is 
that effective instruction can materialise if a series of steps are followed.  
Although primarily based on a behaviourist objectivist model, where outcomes are 
described in terms of behaviours, there is some influence from cognitivism and 
constructivism in this model. For instance, chunking of instruction into smaller 
sections can be linked with the cognitivist ideas. Similarly, the identification of 
learning requirements involves assessing prior knowledge of learners, as in 
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cognitivism. Links with constructivism can be identified through the development of 
instructional strategies for promoting active learning scenarios. There are, however, 
some limitations within this model, including the rigidity and unwieldiness of the 
processes for developing instructional design.  
Gagne’s (1977) model based on the behaviourist principles proposes breaking down 
learning tasks into specific measurable chunks. According to Gagne (1977), 
knowledge can be successfully transferred by concentrating on three major areas of 
learning: taxonomy of learning outcomes, conditions of learning and a nine-step 
process for the instructional events. Gagne’s taxonomy of learning outcomes is 
similar to Bloom’s. The five taxonomies of learning are verbal information, 
intellectual skills, cognitive strategies, attitudes towards learning and motor skills.  
Gagne (1977) broke down the ‘conditions’ of learning into internal and external 
conditions. Internal conditions are somewhat similar to the concept of prior 
knowledge in cognitivism, such as skills, pre-existing knowledge and capabilities of 
learners. Here learning hierarchies are important, with mastering of smaller units 
necessary before learning more complex units. This resembles the behaviourist 
paradigm of the bottom-up learning approach. External conditions come from the 
behaviourist principle of stimulus and response through presentation of instruction 
by teachers to learners. 
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Figure 3.3 Dick and Carey’s ISD Model (Dick and Carey, 1990) 
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Gagne (1977, p. 246) recommended a nine-step process for instructional events and 
associated cognitive processes to develop instructional design: gaining attention 
(reception), informing learners of the objective (expectancy), stimulating recall of 
prior learning (retrieval), presenting the stimulus (selective perception), providing 
learning guidance (semantic encoding), eliciting performance (responding), 
providing feedback (reinforcement), assessing performance (retrieval), and 
enhancing retention and transfer (generalisation).  
One of the main limitations of Gagne’s model is implementing in reality, due to its 
rigidity and inapplicability in changing the educational environment. This model is 
also based on a behaviourist learning paradigm with a strong teacher-centred focus, 
and lacks learners’ active involvement in the learning process.  
LMS Models  
The primary objective of the LMS model is to emulate the classroom teaching 
approach where the learner is a passive participant in the knowledge transfer process 
(Jim, 2003; Mallon et al., 2009; Michael et al., 2005; Monachesi et al., 2006). As 
previously noted, many such systems supporting the transfer of resources in the e-
learning environment have included Blackboard, WebCT, TopClass, Learning Space, 
First Class, Moodle, Desire2Learn, Angel and eCollege.  
Recognising the limitations of the traditional approaches that are confined to the 
delivery and presentation of learning materials online, substantial improvements 
have been incorporated into the latter versions of these models to take into account 
other active learning aspects of the e-learning environment. However, even these 
latest developments fail to consider the learner’s active role in knowledge acquisition.  
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3.3.2 Second Generation Models 
The second generation models considered in this research are ITS (Sleeman et al., 
1982) and concept mapping models (Novak et al., 1984), deriving their roots from 
cognitivism. Some aspects of behaviourism and constructivism can still be found in 
these models, as discussed in the following sections.  
ITS Model 
The ITS model (Sleeman et al., 1982) is strongly influenced by cognitivism. The 
model recognises the importance of prior knowledge and effective organisation of 
learning resources for facilitating cognitive information processing. Aspects from 
behaviourist principles of stimulus-response association and constructivist principles 
of active learning can also be found in this model.  
The essence of the ITS model is that the learners will learn better by learning by 
doing. The ITS model mostly aims at building a strong foundation for the acquisition 
of conceptual knowledge. The key aspect of the ITS model is that the system identifies 
learners’ misconceptions or mistakes based on the contents/subject matter of the 
model, and helps learners move from the lowest to highest level of knowledge. 
Sleeman and Brown (1982) classified the ITS as being computer-based and problem-
solving monitors, coaches, laboratory instructors and consultants.  
In this model, the one-to-one interaction between the learner and the system is 
required to facilitate the learning process. The influence of behaviourism with the 
rote learning principles and constructivism with problem-solving, along with 
adapting to learners’ knowledge levels and active participation with the content, can 
be identified. One of the main limitations of the model is that the ITS model is good 
Literature Review 2011 
 
Page 71 
for developing conceptual knowledge skills, but it does not help in higher-order 
learning and thinking skills.  
Concept Mapping and Topic Mapping Models 
Concept mapping models originated for effective mental processing of LOs through 
the use of intuitive visual representation, such as mind maps, concept maps (Novak, 
1998) and topic maps (Pepper, 2000). Concept mapping is a technique for 
representing knowledge in graphic or visual forms, which shows networks of concepts 
with relationships between the concepts by nodes and links (Novak, 1998).  
Concept maps are invented with the objective of externalising the domain knowledge 
of teachers and learners. Visual representations are powerful mechanisms for 
materialising meaningful learning processes (Gershon & Eick, 1995; Le Grand & Soto, 
2000). Extending on this idea, later developments in concept mapping have 
incorporated not only visual representation but also management of learning 
resources, exploiting the latest technologies such as semantic web and XML for 
effective learning (Pepper, 2000). The main objective of these models is to facilitate 
effective learner interactions with learning resources in e-learning. 
Topic maps, which are extensions of concept maps, represent a collection of topics, 
their relationships and their information sources. Topic maps provide a mechanism 
for intuitively representing concepts and the relationship between concepts, revealing 
the connections between the concepts. In addition, to enable fast and easy retrieval of 
resources, topic maps facilitate merging of electronic indexes similar to the index at 
the back of a book. These indexes are derived from multiple sources and anchored to 
actual resources, but are kept separately.  
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Three key concepts are involved in topic mapping: topics, associations and 
occurrences (Pepper, 2000). Topics representing concepts are the syntactic 
constructs processable by machines. Relationships between concepts are determined 
by the association with the grouping of concepts, without any implied direction. 
Occurrences are a way of binding topics to relevant resources. These occurrences can 
be a resource reference, such as the uniform resource locater, PDF, DOC, audio or 
video, or a string value such as the population of a country. Figure 3.4 gives an 
example of a topic map in a database concepts domain.  
 
Figure 3.4 Concept Mapping and Topic Mapping Models 
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3.3.3 Third Generation Models 
Models that take into account the interaction aspect of learning with a high influence 
of constructivism are explored in the third generation models. Specific models 
examined in this section include the demand driven model (MacDonald et al., 2001), 
conversational models (Laurillard, 1993), the community of inquiry model (Garrison 
et al., 2003), models of interaction (Ally, 2008; Anderson, 2003), the networked 
learning model (Goodyear, 2002) and the theory-based design model (Dabbagh, 
2005). The key aspect of these models is the interaction between key players and LOs, 
deriving its roots from the constructivist principles of learner-centred approaches.  
The Demand Driven Model 
This model is primarily based on the constructivist principles of learning, with 
importance given to providing quality learning resources, encouraging the active role 
of learners, and encouraging collaboration and interactivity. The basic objective of the 
model is to provide high quality content, delivery and service in e-learning.  
The three elements of the model for meeting learners’ demands are quality content, 
delivery and service, as shown in Figure 3.5 (MacDonald et al., 2001). Quality content 
refers to the provision of comprehensive, authentic and application-oriented learning 
resources. Delivery refers to the provision of facilities for interactivity, usability, and 
use of various tools and technology to support multiple learning styles. Service refers 
to the provision of multiple resources to develop different perspectives and 
administrative/technical learning support.  
The demand driven model emphasises the importance of the teacher’s proactive role 
in development and use of technologies in teaching and learning. This model 
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provides a general approach to develop instructional design. One of the major 
limitations of the model, however, is its lack of specificity in terms of what specific 
instructional strategies and associated technologies support the quality learning.  
 
Figure 3.5 Demand Driven Model (MacDonald, et al., 2001) 
Laurillard’s Conversational Model 
The essence of Laurillard’s conversational model is that effective learning necessitates 
dialogue between teachers and learners via technology support. As shown in Figure 
3.6 Laurillard (1993) suggested four key components for effective teaching and 
learning dialogues: teachers’ conception of content, teachers’ learning environments, 
learners’ conception of content, and learners’ actions related to learning tasks. 
Literature Review 2011 
 
Page 75 
Associated with these four key components are the multiple types of interaction 
dealing with four types of dialogues: discursive, adaptive, interactive and reflective.  
 
Figure 3.6 Laurillard’s Conversational Model (Laurillard, 1993) 
Discursive is related to interaction between teacher and learner within their 
knowledge circles. It involves teachers communicating learning and task objectives to 
learners. Adaptive refers to interaction between teachers’ conceptual knowledge and 
teachers’ instructional design environments. In other words, teachers must adapt the 
instructional design environment using the feedback from learners and revise the 
focus of dialogues. Interactive refers to interaction between teachers and learners in 
terms of providing feedback to learners’ learning tasks and concepts. Reflective 
relates to interaction between learners’ conceptual knowledge and application 
knowledge through the supporting processes.  
In essence, this model emphasises the vitality of interaction between various objects 
for effective learning. It, however, does not show how to successfully implement the 
dialogue process in terms of instructional strategies and technologies supporting the 
learning process as a general model of interaction.  
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Garrison’s Community of Inquiry Model 
The community of inquiry model provides a foundation for enhancing collaborative 
and cooperative learning in the networked e-learning environment. The three core 
elements of the model’s framework for enhancing e-learning effectiveness are 
cognitive presence, social presence and teaching presence, as shown in Figure 3.7.  
The researchers have described the cognitive presence as “the extent to which 
learners are able to construct and confirm meaning through sustained reflection and 
discourse in a critical community of inquiry. This model suggests that cognitive 
presence is a pre-condition for higher-order thinking and learning” (Garrison et al., 
2003, p. 28). Cognitive presence refers to “exploration, construction, resolution and 
confirmation of understanding” (Garrison, Anderson & Archer, 2001, p. 11).  
Social presence is described as “the ability of participants in a community of inquiry 
to project themselves socially and emotionally, as ‘real’ people (i.e. their full 
personality), through the medium of communication being used” (Garrison, 
Anderson & Archer, 2000, p. 94). This social presence is viewed as learners 
establishing purposeful relationships for fostering effective communications between 
peers and teachers.  
Teaching presence is described as “the design, facilitation and direction of cognitive 
and social processes for the purpose of realising personally meaningful and 
educationally worthwhile learning outcomes” (Anderson et al., 2001, p. 5). The 
teaching presence is referred to as teachers’ proactive contributions towards 
instructional design and organisation, facilitating discourse and direct instruction. It 
is believed that the teacher’s presence is essential for balancing cognitive and social 
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issues (Garrison et al., 2000). The strong influence of the constructivist principles on 
learning with active learning processes through collaboration can be identified in this 
model. It extends on the demand driven model through a detailed exploration of 
interaction complexities. 
 
Figure 3.7 Community of Inquiry Model (Garrison and Anderson, 2003) 
Anderson’s Model of Interaction 
In line with the community of inquiry model, Anderson’s model of interaction is 
strongly influenced by constructivism, with interactivity fundamental to the creation 
of e-learning communities. The key emphasis of Anderson’s model is on the 
interaction between learners, teachers and the learning content.  
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As shown in Figure 3.8, six types of interaction that Anderson’s model covers are: 
learner to learner, learner to teacher, learner to content, teacher to teacher, teacher to 
content, and content to content (Anderson, 2003). Peer interaction between learners 
is imperative for developing areas that include multiple perspectives, interpersonal 
skills and exploration of knowledge through knowledge sharing. Learner to teacher 
interaction is proposed for reinforcement, clarification and feedback through various 
mechanisms, such as synchronous and asynchronous methods. Learner to content 
interaction is based on the behaviourist idea of passive interaction with the learning 
content. Teacher to teacher interaction is proposed for discovering and updating 
knowledge through exchange and collaboration, thereby facilitating effective 
knowledge transfer. Teacher to content interaction is proposed to encourage 
reusability of authentic and quality learning resources from the internet, to enable 
effective knowledge transfer process. Content to content interaction facilitates 
exchanging information between systems and machines through automated systems 
and intelligent agents. 
The clear influence of constructivism, particularly social constructivism, on learning 
can be identified in this model through learner to teacher, learner to learner and 
teacher to teacher interactions. Some elements of behaviourism can be identified in 
the passive learner to content interaction, and some elements of connectivism in the 
content to content interaction through intelligent agents, such as semantic web and 
intelligent tutoring agents. This model, however, does not explicitly deal with the 
management of learning resources derived from those interactions. 
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Figure 3.8 Anderson’s Model of Interaction (Anderson, 2003) 
Ally’s Model of Interaction 
Ally (2008) proposed a model of effective e-learning with various levels of interaction 
based on behaviourist, cognitivist and constructivist learning theories. Extending on 
other interaction models, this model contains two additional interactions: learner to 
interface and learner to context. Learner to interface interaction is proposed to 
provide user-friendly, effective interfaces, which enable access to relevant resources 
in the shortest time without overloading learners with resources. The learner to 
context interaction is suggested to enable processing of online learning resources in 
such a way that can be personalised and contextualised. Supporting this view, Berge 
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(2002) suggested that this enables the learner to apply, assess, analyse, synthesise, 
evaluate and reflect on the learning content.  
 
Figure 3.9 Ally's Model of Interaction (Ally, 2008) 
Networked Learning Model 
The networked learning model, as shown in Figure 3.10, has its roots in 
constructivism, particularly communities of practice and learner control, as well as 
some influence from cognitivism in the form of self-directed learning and experiential 
learning. The key emphasis is learners’ interaction with information and 
communication technologies, such as chat, email, and synchronous and 
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asynchronous communication mechanisms (Goodyear, 2002). Networked learning is 
“learning in which Information and Communications Technology is used to promote 
connections between one learner and other learners, between learners and tutors; 
between a learning community and its learning resources” (Goodyear, 2001, p. 9).  
 
Figure 3.10 Networked Learning Model (Goodyear, 2001) 
Many learning activities are proposed in this model to encourage collaboration, 
reflection and articulation. Three types of interaction are proposed: learner to 
content/software (one), learner to teachers (one to many) in lectures and 
symposiums, and interaction between learners and learners (many to many) through 
discussion groups and forums. Goodyear (2001) recommended teachers moving away 
from “sage on the stage” to “guide on the side”.  
Theory-based Design Model  
The theory-based design model for e-learning mainly stems from constructivism and 
cognitivism. The main emphasis is on the transformative interaction between 
pedagogical models, instructional strategies and learning technologies (Dabbagh, 
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2005). The interactive and iterative relationship between these three components is 
necessary for adopting a grounded instructional design in e-learning (Figure 3.11.) 
 
 
 
 
Figure 3.11 Theory-based Design Model (Dabbagh, 2005) 
The first component incorporates distributed learning, knowledge building 
communities and communities of practice. The second component includes 
instructional strategies derived from pedagogical models, such as authentic learning 
activities, problem-solving, collaboration and exploration. The third component 
comprises technologies supporting instructional strategies, such as multimedia, 
collaboration and exploration technology.  
The strong influence of cognitivism by incorporating the information processing 
aspect can be identified in this model. The convincing effect of constructivism on 
instructional strategies supporting the active learning process can also be identified 
in the instructional strategy component of this model. However, the interaction 
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between these three components and management of learning resources derived 
from them is not dealt with in this model. 
3.3.4 The Fourth Generation Models 
The fourth generation models are the recent developments confronting the challenges 
of advancements in information and communication technologies. The primary 
objectives of these models are on reusability and effective management of resources. 
Three relevant models are: LO models (Duval, 2006), semantic web models (Al-
Khalifa et al., 2006; Anderson et al., 2004; Berners-Lee et al., 2001; Chu et al., 2001; 
Dicheva et al., 2005) and MIT open courseware models (MIT, 2010). 
LO Models 
LO models are based on the object-oriented concept of reusability. The key principle 
is enhancing learning effectiveness through creation of reusable chunks of LOs to 
avoid ‘reinventing the wheel’ (Brady et al., 2008; Butson, 2003; Duval, 2006; 
Esteban-Gil et al., 2009; Gonzalez-Barbone et al., 2008). The main influence of this 
model is behaviourism and cognitivism in the form of units of learning, chunking of 
information and other information processing aspects. Various aspects of 
constructivism can be found in this type of model due to the origin of LOs generated 
from collaboration, exploration and the active learning process (Stephen, 2001).  
These models, however, fail to take into account the role of metadata ontologies in 
facilitating effective search and retrieval of these LOs. These aspects are addressed in 
the semantic web models, by looking at the interrelationship between LOs through 
ontologies and metadata creation (Berners-Lee et al., 2006). 
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Semantic Web Models 
Semantic web models are strongly rooted in cognitivism, with the primary objective 
being the information processing aspects of LOs. This is an extension of the LO 
models, enabling exchanging, sequencing and presenting of content in a way that is 
understood by both humans and machines. Some of the constructivism principles for 
discovery learning, as well as connectivism principles for enabling interaction 
between humans and machines and enabling machine processable information, can 
be identified in these models.  
Examples of these types of models are instructional management systems (IMS) 
(Koper, Olivier & Anderson, 2003) and SCORM (Chang et al., 2004; Gonzalez-
Barbone et al., 2008). Both IMS and SCORM focus on the collection of standards and 
specifications for learning content metadata that supports management of digital 
resources in the e-learning environment. These models facilitate exchanging and 
sequencing of LOs. Other such models include topic map-based models, RDF-based 
models and ontology-based models (Browne et al., 2004; Nejdl et al., 2002).  
MIT Open Courseware Models 
MIT open courseware models stem from behaviourism and connectivism. The key 
objective of the MIT open courseware initiative by Massachusetts Institute of 
Technology (MIT) is to make all educational materials from undergraduate and 
graduate courses openly available online (MIT, 2010; Miyoung, Grace & Curtis, 
2007). The principles of behaviourism in the form of provision of content learning 
and passive browsing of resources can be identified in these models. Connectivism 
can also be identified in the form of access to authentic online learning resources.  
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3.3.5 Summary of the Popular E-learning Models  
Table 3.2 provides mapping of various models to the four learning paradigms 
discussed above. Each of these models has a strong emphasis on one or more aspects 
of the learning processes. For instance, the key aspect of ISD models and LMS is to 
fulfill the learning objectives, with a primary focus on behaviourist principles. The 
primary focus of ITS and concept mapping models is to align the cognitive 
information processing aspects with cognitivist principles. Models by Laurillard, 
Garrison, Anderson, Ally and Goodyear place a strong emphasis on the interaction 
aspect of learning processes based on constructivism. The main focus of recent 
models, such as LO, semantic web and MIT open courseware models, are on LOs 
identifying strongly with connectivism, with the aim of connecting learners with LOs.  
In terms of interaction, various interactions and relationships can be identified in the 
above models. For instance, interaction between different components of instructions 
is proposed in ISD and LMS models for achieving the specified learning outcome. 
Interaction between learner and system and learner and LO is considered in ITS and 
concept mapping models, while interaction between various players and objects is 
considered important for learning effectiveness in demand driven and interaction 
models. General interaction between pedagogical models and instructional strategies 
and technologies is covered in the theory-based design model. Finally, interaction 
between LOs and their interrelationship between concepts is considered essential in 
more recent LO and semantic web models, while interaction between learners and 
LOs is explored in MIT open courseware models. 
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Table 3.2 E-learning Models Comparison 
Learning model Interaction type Behaviourism Cognitivism Constructivism Connectivism 
Bloom's  Stages of learning     
Dick and Carey’s  Phases of learning     
Gagne's  Phases of learning     
LMS  Learner and learning content     
ITS  Learner and system     
Concept mapping  Learner and learning object     
Demand driven  Learner and quality, content 
and service 
    
Laurillard's  Players, objects in learning 
community 
    
Garrison's  Players and content     
Anderson's  Players and content     
Ally's  Players and content and 
objects 
    
Networked learning  Players and content     
Theory-based design  Pedagogies, strategies and 
technologies  
   
LO Between learning objects     
Semantic web  Within and between learning 
objects 
    
MIT Open courseware  Learner and learning 
resources 
    
Legend      
 High  Medium  Low 
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3.4 Dimensions of E-learning Ecosystems 
There is extensive literature examining the influence of multiple dimensions on the 
effectiveness of e-learning, embracing various learning paradigms and learning models 
(Blazic, Law & Arh, 2007; Kerriemuir, 2002; Miller & Miller, 2000; Rhee, Moon & Choe, 
2006; Swan, 1998). Based on the key emphasis of each of the paradigms and models 
discussed above, the following section provides a systematic review of literature on each of 
the e-learning ecosystem dimensions: pedagogies, technologies, learning resources and 
management of learning resources.  
3.4.1 Pedagogies  
Pedagogical strategies refer to the application of learning theories (or paradigms) 
governing the practices of teaching and learning for enhancing effective transfer of 
knowledge (Alonso et al., 2005). Various pedagogical strategies derived from each of the 
learning paradigms are presented in the following sections: behaviourism, cognitivism, 
constructivism and connectivism.  
Behaviourism 
The key principles of behaviourism emphasise teachers as an active transmitter of 
knowledge, and the learner as a passive recipient of knowledge. These objectivist models of 
learning, such as ISD models (Dick et al., 1990; Gagne, 1977), have a strong role to play in 
the acquisition of sound conceptual and declarative knowledge through rote learning 
principles (Ertmer et al., 1993; Khalifa et al., 1999).  
The literature indicates strong support for strategies prescribing to the rote learning 
principles of behaviourism. The key strategies identified supporting the behaviourist 
principles include the proactive role of teachers in provision of resources, user-friendly 
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interfaces and facilities for rote learning, facilities for reinforcement and repetition 
activities such as drill and practice exercises, and instructional games, tutorials, 
simulations, etc. (Arbaugh & Hwang, 2006; Arbaugh & Rau, 2007; Conrad, 2002; Eom, 
Wen & Ashill, 2006; Garrison & Cleveland-Innes, 2005; Kerriemuir, 2002; Stein et al., 
2005).  
In regards to the proactive role of teachers, Volery and Lord (2000) suggested teacher 
characteristics as one of the key success factors in e-learning. They have emphasised the 
teacher’s attitude towards learners, technical competence and interaction with learners as 
central elements in e-learning. Similarly, Selim (2007) proposed teacher characteristics, 
such as positive attitude towards technology, control over technology and teaching styles, 
as the most important elements. Corroborating this, Garrison and Anderson (2003) 
highlighted the need for a teaching presence embracing the behaviourist principle of the 
teacher’s central role in the knowledge transfer process. In line with these findings, Conrad 
(2002) and Stein et al. (2005) acknowledged the importance of the teacher’s presence in 
the provision of informational, social and content support for enhancing e-learning 
effectiveness. Garrison and Cleaveland-Innes (2005) identified the positive influence of 
teacher involvement in course design, structure and leadership on learners’ engagement 
and meaningful learning. Likewise, many other studies provide strong evidence supporting 
the influence of the teaching presence on e-learning effectiveness (Arbaugh et al., 2006; 
Arbaugh et al., 2007; Eom et al., 2006).  
With respect to user–friendly interface designs, Swan (1998) found a positive influence of 
website design on learner behaviour. The researcher found that learners reject text-based 
pages, with a preference for pages with embedded graphics and other interesting design. 
Similarly, other studies have identified user interface as a key factor in the e-learning  
Literature Review 2011 
 
Page 89 
environment (Blazic et al., 2007; Rhee et al., 2006). Such research has found a positive 
correlation between usability and learnability. Jacobson (1994) also noted the importance 
of hypertext, while Ryan et al. (2000) found that effective presentation and sequencing of 
learning resources are crucial in e-learning.  
Many studies recommended strategies for repetition and reinforcement of learning 
concepts. Kerriemuir (2002), for instance, proposed drill and practice exercises supporting 
rote learning principles. Likewise, Prensky (2001) advocated incorporating simulation 
environments in an educational context to achieve the same objective. In brief, many 
strategies are identified for enhancing the transfer of knowledge from teachers to learners 
based on behaviourism principles. These strategies, however, do not support the limited 
mental processing capabilities of individual learners (Sleeman et al., 1982).  
Cognitivism 
Cognitivism includes a mental process between input and output processes of 
behaviourism. The basic assumption of cognitivism is that learning happens through the 
thinking process. The key characteristics of cognitivism are the information processing 
aspects and prior knowledge aspects of learning. Learning models, such as ITS (Sleeman et 
al., 1982) and concept mapping (Novak et al., 1984), incorporate the information 
processing aspect of learners respectively. In addition, teachers’ participation in providing 
facilities to support the creation of strong conceptual and application knowledge is 
considered equally important in cognitivism (Adrian & Linda, 2006; Balla & Sarirete, 
2008). Cognitivism emphasises many key strategies for influencing effective learning, such 
as teacher participation, knowledge coding, organising, representing, chunking of 
information and integrating prior knowledge (Gershon et al., 1995; Le Grand et al., 2000; 
Pepper et al., 2007).  
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In line with these views, Rimor, Reingold and Heiman (2008) found a positive correlation 
between teachers’ feedback and learners’ meta-cognitive thinking. Similarly, Baker (2004) 
indicated a positive relationship between teachers’ verbal immediacy and cognitive 
learning, and Marks, Sibley and Arbaugh (2005) stated the importance of learner-content 
interaction in enhancing the e-learning effectiveness. In addition, many other studies have 
provided evidence supporting the importance of the teacher’s role in improving the e-
learning effectiveness (Arbaugh et al., 2006; Arbaugh et al., 2007; Eom et al., 2006).  
With respect to knowledge coding, organising, representing, chunking of information and 
activation of prior learning, many studies have suggested the use of multiple strategies. 
Ideal examples are effective presentation through concept maps (Novak, 1998), and 
presentation and management using topic maps (Dicheva et al., 2005; Le Grand et al., 
2001; Shaw, 2010). Elements of representing, chunking of information and activation of 
prior learning can be found through facilities for effectively visualising and retrieving 
learning resources (Dichev et al., 2006; Shaw, 2010). Likewise, George and James (2009) 
proposed the implementation of a hierarchical file structure, metadata use, indexing and 
organisation to avoid information overload. More importantly, researchers have found a 
positive relationship between the use of topic maps and effective retrieval of learning 
resources due high recall and high precision (Shaw et al., 2004).  
In line with this, Morville (2005) recommended effectively structuring information to 
enable users to retrieve, synthesise and exchange information. Miller and Miller (2000) 
identified sequencing of content and use of analogies as key factors for activation of pre-
existing knowledge and to connect with existing knowledge. Lau (2009) established that 
the characteristics of LOs are a key determining factor in learner acceptance of them. Many 
other studies have embraced Bloom’s (1956) taxonomy of education model, with 
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innovative ways of structuring knowledge at different stages of learning, from low-level 
conceptual knowledge to high-level application knowledge (Earl, 2001; Haig et al., 2004; 
Pack, 2002).  
Consequently, existing literature provides strong support for strategies fulfilling the 
cognitivist principles of facilitating the mental processing of learners through effective 
organisation and presentation of learning materials. However, cognitivists view learning as 
a process involving the mind and do not consider it a social process. The subsequent 
constructivism, which identifies learning not only as a cognitive process but also a social 
one, results in the emergence of various strategies influencing learners’ control of their 
knowledge construction. 
Constructivism 
Constructivism highlights the importance of learners’ central role in the knowledge 
construction process. The key characteristics of constructivism are to encourage various 
types of interaction and the learner taking control over their knowledge construction by 
undertaking an active role in the learning process. Learning models, such as demand 
driven (MacDonald et al., 2001) conversational (Laurillard, 1993), community of inquiry 
(Garrison et al., 2003), models of interaction (Ally, 2008; Anderson, 2003) and networked 
learning (Goodyear, 2002), emphasise various types of interactions in the knowledge 
construction process. There is a growing body of theoretical and empirical literature 
supporting various strategies originating from the constructivist paradigm of promoting 
learner-centred activities. These strategies are interactive learning, collaborative and 
cooperative learning, experiential learning, activity-based learning, problem-based 
learning, explorative learning and adaptive learning (Anderson et al., 2008; Brusilovsky & 
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Nijhawan, 2002; Conole et al., 2004; Freitas & Neumann, 2009; Garrison et al., 2003; 
Kolb, 1984; Rourke et al., 2001).  
The positive impact of the application of learner-centred principles to enhance the e-
learning effectiveness has been observed in many studies (Johnson, Hornik & Salas, 2008; 
Liaw, 2008; Liu, Liao & Pratt, 2009; Twigg, 2001; Zhang, 2005). For instance, Conole et 
al. (2004) proposed active learning strategies for encouraging active participation of 
learners in knowledge acquisition through interaction with domain experts or through 
hands-on learning. 
With respect to collaborative and cooperative learning, several studies have identified 
multiple elements to enhance learning outcomes, which stem from Vygotsky’s social 
constructivism (1978). For instance, Thorpe and Godwin (2006) indicated the importance 
of social interactivity in e-learning. Similarly, Johnson et al. (2008) highlighted peer to 
peer interaction and social presence as prerequisites for e-learning success. Arbaugh 
(2000) found that reducing the social distance in e-learning is a key factor for enhancing 
learners’ performance and satisfaction. Maki et al. (2000) noted that social interaction 
with online tutoring is a key predictor of e-learning satisfaction.  
Parallel to collaborative and cooperative learning strategies, a number of studies have 
identified the usefulness of various types and forms of interaction for promoting learner-
centred approaches. For instance, Zhang (2005) indicated substantial improvement to 
learners’ performance and satisfaction through interactive learning. Marks et al. (2005) 
identified the teacher to learner interaction as the most important predictor of effective e-
learning. Validating the community of inquiry framework (Garrison et al., 2003), many 
studies have identified the importance of social presence and the interrelationship between 
a social, teaching and cognitive presence (Blackmore et al., 2006; Garrison, Anderson & 
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Archer, 2010; Shea & Bidjerano, 2009). In this regard, Shea and Bidjerano (2009) 
highlighted the importance of social presence when mediating between teaching and 
knowledge construction. Akyol and Garrison (2008) found the presence of 
interrelationships among social, cognitive and teaching presences in community of inquiry. 
Liu et al. (2010) showed that the interaction between learners produces learning synergy in 
e-learning.  
With respect to learner control and adaptive learning strategies, a review of literature 
indicates their strong influence on e-learning. For instance, Liu et al. (2010) and Liaw, 
Hatala and Huang (2010) found that learner control is a key factor in enhancing the e-
learning effectiveness. Chiu and Lee (2009) prescribed adaptive learning as an essential 
part of learner control and increasing learners’ interest in learning activities. Within 
adaptive learning, importance of learning styles was recognised in enhancing learning 
performance (Twigg, 2001; Wang et al., 2006).  
In regards to exploring alternative learning resources, many studies have identified various 
strategies for enhancing the effective search and retrieval of LOs. For example, Dalgarno 
(2001) suggested that active exploration of learning resources for uncovering 
inconsistencies in understanding is necessary in the knowledge acquisition process. Fan, 
Gordon and Pathak (2000) proposed personalisation of search engines to facilitate 
explorative learning. Sugiura and Etzioni (2000) suggested a multi-search services engine, 
combining the results from various search engines for effective organisation of returns. 
Similarly, use of metadata has been emphasised to enable efficient retrieval (Al-Khalifa et 
al., 2006; Haase & Tames, 2004). Extensions on these retrieval strategies, such as 
expansion, query refinement and personalization, to improve the query results have been 
Literature Review 2011 
 
Page 94 
suggested (Keleberda et al., 2006; Lee et al., 2008; Mittal, Krishnan & Altman, 2006; 
Muller, Kenny & Sternberg, 2004; Stojanovic, 2005). 
In short, a review of literature reveals countless strategies and approaches for facilitating 
learner-centred activities fitting with the constructivist principles. One of the key 
implications of using these learner-centred strategies is the generation of a huge amount of 
learning resources. This concern is addressed in connectivism, with explicit support for 
interaction between learners’ information exchange through machine processing 
capabilities and the semantic web.  
Connectivism 
The main objective of connectivism is to keep the learners up-to-date by connecting people 
with people and people with information. One key feature of connectivism is to meet the 
challenges of information overload posed by the internet era. Strategies proposed to meet 
those challenges include effective management of learning resources, mechanisms for 
effective representation and retrieval of knowledge, mechanisms for connecting learners 
with teaching and the learning community, and the provision of authentic and 
personalised learning resources (Berners-Lee et al., 2006; Dawson, 2000). Models 
supporting connectivism include LO (Duval, 2006), semantic web (Al-Khalifa et al., 2006; 
Anderson et al., 2004; Berners-Lee et al., 2001; Chu et al., 2001; Dicheva et al., 2005) and 
MIT open courseware (MIT, 2010). 
In order to effectively connect learners with growing learning resources on the web, several 
strategies are proposed in the literature. For example, Berners-Lee et al. (2006) suggested 
that the semantic web provides facilities for enabling not only the presentation of 
information on the web, but also the manipulation and understanding of the content both 
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by humans and computers. Moving towards meeting the challenge of an information 
explosion, McIlraith et al. (2001) proposed semantic web services to enable the machine to 
process and filter resources for intelligent discovery, extraction, integration and reuse, 
while learners devote their time to productive knowledge accumulation. Brase and Nejdl 
(2003) suggested the use of LOM to facilitate the standardisation of learning resources.  
Recognising the potential of ontologies, a number of studies have suggested using 
ontologies to facilitate expansion and refinement of the user’s query (Lee et al., 2008; 
Muller et al., 2004; Stojanovic, 2005). In line with this, several studies have promoted 
using ontologies for provision of personalised results (Keleberda et al., 2006; Mittal et al., 
2006). Likewise, numerous studies have recommended the use of ontologies for effective 
management of retrieved resources (Horrocks et al., 2002; Studer et al., 2001). Lau and 
Tsui (2009), for example, suggested using knowledge management for identifying the 
correct LOs based on learners’ context and learning preferences. Many studies have also 
indicated enhancement of learner engagement and performance through the provision of 
specific facilities for blended learning (Aycock, Garnham & Kaleta, 2002; Boyle et al., 
2003).  
Overall, a larger number of strategies have been identified for fulfilling the challenges of 
learning in the connectivist paradigm and to tackle the problem of information overload 
when managing e-learning resources. It is evident from the literature that a concerted 
effort has been directed towards identification of various strategies to fulfill the objectives 
of the four theories and associated models of learning. Nonetheless, pedagogical strategies 
in an e-learning context have little value unless supported by technologies embracing those 
pedagogies. The following sections examine the technologies supporting the various 
pedagogical strategies discussed above.  
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3.4.2 Technologies 
In an e-learning scenario, pedagogical strategies can be realised only by incorporating 
associated technologies to support various pedagogies. In this regard, several studies have 
highlighted the importance of the implementation of information technology to influence 
the e-learning effectiveness (Firdiyiyek, 1999; Govindasamy, 2001; Helmi, 2002). For 
instance, the unified theory of acceptance and use of technology model (Venkatesh et al., 
2003)  suggested facilitating conditions, such as provision of support for using the 
information technology, as one of the direct determinants for using a new technology. 
Alavi and Leidner (2001) advocated use of various information and communication 
technologies supporting diverse learning strategies and learning resources for enhancing 
the e-learning environment. Several studies have identified a number of technologies 
supporting the four learning paradigms: behaviourism, cognitivism, constructivism and 
connectivism.  
Behaviourism 
The most common technologies supporting behaviourism and enabling passive perusal of 
LOs in e-learning include internet, intranet, multimedia, artificial intelligence, search and 
retrieval systems, electronic books, multimedia objects, podcasting, and online LOs. In 
addition, the most popular state-of-the-art technologies supporting behaviourist passive 
learning principles are various LMSs.  
Many technologies greatly facilitate access to substance and content in e-learning, fitting in 
with the behaviourist principles. For instance, Selim (2007) indicated general technology 
support and infrastructure facilities as the key success factors in accessing to e-learning 
resources. Govindasamy (2001) and MacDonald et al. (2001) proposed improvements to 
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LMSs for better aligning pedagogies and technologies to meet the demand of learners. 
Kerriemuir (2002) recommended systems for supporting drill and practice, and 
instructional games to assist in learning conceptual foundations. Appelman (2004) and 
Moreno-Ger et al. (2008) indicated using simulation technologies to enhance the e-
learning effectiveness, while Jacobson (1994) suggested using hypertext and hypertext 
media to enhance online education. Ryan et al. (2000) proposed LMS supporting content 
structure and navigation.  
However, technologies supporting behaviourism have overlooked the importance of the 
presentation and organisation aspects of e-learning. This has resulted in the development 
of technologies supporting cognitivist strategies for enhancing the e-learning effectiveness, 
as discussed in the following section.  
Cognitivism 
With the realisation that the effective sequencing and presentation of learning resources 
are intrinsic aspects of e-learning, scores of studies have examined the importance of 
adopting various technologies supporting cognitivist strategies. Many of these technologies 
aim at supporting cognitivist ideas of proactive teacher participation, organising, 
representing, and chunking and integrating of prior knowledge (Bonastre et al., 2005; 
Dicheva et al., 2005). A number of tools are proposed to facilitate proactive participation of 
teachers to facilitate user-friendly authoring systems. For instance, Bonastre et al. (2005) 
proposed an e-learning tool helping teachers to manage, distribute and capture knowledge, 
while Dicheva and Dichev (2005) suggested topic mapping for the authoring, capturing 
and structuring of e-learning content. López-Cuadrado et al. (2008) introduced additional 
elements in e-learning authoring tools for test generators. Other studies have 
recommended an open courseware authoring tool based on Web 2.0 technologies, 
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facilitating interpretability among different e-learning specifications (Boulos & Wheeler, 
2007; Te-Hua et al., 2007).  
Several tools and technologies have been suggested to enable effective organisation, 
retrieval and representation of learning resources. For example, Saad and Zaghloul (2002) 
proposed the use of concept maps to enable learners to visually review, capture and 
develop knowledge, to promote an active learning process. Crampes and Ranwez (2000) 
suggested ontology-based dynamic provision of learning resources through the use of 
conceptual maps and user preferences.  
Likewise, several interactive, graphic navigation tools and techniques have been proposed 
for visualisation via topic mapping (Alani, 2003; Dicheva et al., 2005; Fluit et al., 2002; 
Mondeca, 2001). For instance, TM4L (Dicheva et al., 2006) provides support for graph, 
text and tree views of learning repositories. Likewise, Ontopia Navigator (2001), 
Mondeca’s topic navigator (2001), Techquila (2001), TM4J Dynamic Visualization (2001) 
and Alani’s Visualisation Tool (TGVizTab) (2003) allow several variations to the 
knowledge visualisation methods. 
Extensions to these technologies supporting retrieval have been suggested in a number of 
studies. For example, Vivek et al. (2007) advised the superiority of topic map-based 
indexing technology and retrieval systems compared to other retrieval technologies. Other 
researchers proposed technologies to support grouping instances into clusters according to 
their classes (Fluit et al., 2002). Use of technologies for retrieving and displaying resources 
at different layers through topic maps have been suggested as very effective (Ahmed, 
2000). Appreciating the potential of topic mapping, Pepper (2000) proposed syndicating it 
within the knowledge management domain for successful management of learning 
resources on the web.  
Literature Review 2011 
 
Page 99 
Technologies supporting chunking of information through LOM, ontologies and semantic 
web technologies have been suggested in many studies. For example, Duval (2006) 
recommended standards for representing contents in an educational context, such as IEEE 
LOM and SCORM for creation, reuse and retrieval of LOs. Mohammed and Mohan (2007) 
suggested associating multiple ontologies with LOs, using IEEE LOM specifications. Daisy 
and Yrjö (2005) emphasised an activity-centred approach using pedagogically-enriched 
metadata descriptions and interaction with LOs for managing e-learning content in the e-
learning environment. To solve the reusability and retrieval problems of web learning 
resources, Esteban-Gil et al. (2009) proposed an extension to SCORM metadata by adding 
semantic annotations through semantic web applications. MacKenzie and Walsh (2009) 
suggested methods for creating pedagogically-sound, sharable multimedia LOs.  
It is obvious that many innovative technologies have been introduced supporting cognitive 
information processing aspects. These technologies, however, do not cater for the 
constructivist principles of learner-centred strategies. This has led to the development of 
technologies to support the constructivist principles of learning as an active and interactive 
process.  
Constructivism 
Embracing the constructivist principles of learning, several studies have proposed various 
technologies supporting learner-centred approaches: active learning, interactive 
technologies (Alavi et al., 2001; Serva et al., 2004); collaborative learning, CSCL (Chou et 
al., 2009); adaptive learning, adaptive learning technologies (Brusilovsky et al., 2003); 
concept mapping, concept mapping technologies (Dicheva et al., 2006); explorative 
learning, information retrieval technologies (Shin et al., 2006); and blended learning 
(Singh, 2003).  
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Technologies supporting interactive and collaborative learning activities include virtual 
reality games, social networking technology, wikis, discussion forums, bulletin boards, 
asynchronous email, synchronous chat, whiteboards and interactive video (Dalsgaard, 
2008; Govindasamy, 2001; Hall, 2008; Zhang et al., 2006). For instance, Zhang et al. 
(2006) found a positive influence of interactive video in providing individual control of 
learning content, leading to better learning outcomes and higher learner satisfaction. 
Marci, Francis and Shu-Hua (2009) proposed Web 2.0 technologies supporting creation 
and dissemination of LOs, such as wikis, podcasts and tagging. Huang et al. (2008) 
suggested use of interactive mobile synchronous learning technology with context 
awareness, while James (2007) proposed instant messaging for creating an interactive and 
collaborative mobile learning environment.  
Use of artificial intelligent technologies supporting both active and adaptive learning 
strategies has been identified as influencing e-learning effectiveness (Brusilovsky et al., 
1996; Hegarty et al., 1996; Warendorf & Tan, 1997; Wen & Lin, 2008). Specifically, 
Brusilovsky et al. (1996) developed ELM-ART, web-based ITS, facilitating portability of 
these technologies on internet platforms. Following on from this, Warendorf and Tan 
(1997) proposed intelligent multimedia tutoring systems for providing guidance and 
inquiry-based teaching methods. Larrañaga et al. (2004) suggested using natural language 
processing techniques and heuristic reasoning to facilitate representation of domain 
models of ITS. Dagger, Wade and Conlan (2004) proposed a design tool for construction of 
courses to facilitate active learning experiences by extending adaptivity across content, 
pedagogical approaches and communication tools. Katsionis and Virvou (2008) proposed 
personalised e-learning through an educational virtual reality game using internet services.  
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Several technologies supporting learners’ creation of concept maps have been proposed to 
promote learner-centred activities via concept and topic mapping technologies (Chang et 
al., 2001). In particular, Chang et al. (2001) proposed a computer-based concept mapping 
system providing facilities for ‘construct-by-self’ and ‘construct-on-scaffold’. Based on the 
comparison between construct-by-self, construct-on-scaffold and construct-by-paper-and-
pencil, the study found that construct-on-scaffold has a better effect on learning. Chen et 
al. (2008) proposed the application of text mining techniques to automatically construct 
concept maps. Gurlitt and Renkl (2008) suggested employing high-coherent concept 
maps, and found this has a positive effect on prior knowledge activation and the learning 
experience. Khalifa and Kwok (1999) also found a positive effect from using hypertext 
technologies that support knowledge construction through concept mapping.  
Advanced technologies supporting learner-centred approaches to teaching and learning 
have also been noted as effective in the e-learning environment. However, one of the key 
implications of using learner-centred learning technologies is the creation of abundant and 
valuable information and learning resources, which can be effectively reused if effectively 
managed. With this goal of reusability, the objective of connectivism is to effectively 
connect learners and LOs, and facilitate communication between machines. The result is 
the development of new technologies catering to the principles of connectivism, 
particularly supporting effective management of Los.  
Connectivism 
Latest technologies supporting the connectivist principles include technologies supporting 
effective management of LOs, such as XML, RDF, annotation and semantic web 
technologies. For example, facilitating effective organisation and retrieval of learning 
resources, Tane et al. (2004) proposed an ontology-based tool suite. Garshol (2004) 
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proposed topic mapping technologies to support an effective information retrieval process 
through higher-level indexing of information sets, while Nejdl et al. (2002) proposed an 
RDF supporting the vision of the semantic web by providing structured metadata. 
Together with ontologies, LOM and semantic metadata, use of automatic annotation 
technologies have been proposed to enhance effective retrieval of LOs (Jovanovic, Gasevic 
& Davies, 2006). Likewise, a software tool called ‘OnToIDEF5’ has been developed to 
support the personalised search of LOs (Keleberda et al., 2006). 
Sequencing and linking resources in a coherent and organised manner has  also been 
recommended though dynamic assembly of learning resources (Farrell, Liburd & Watson, 
2004) for fulfilling focused learning needs. Dicheva and Dichev (2006) suggested an 
ontology-driven repository based on topic mapping technology for managing learning 
resources, while Stojanovic (2001) and Huang et al. (2006) suggested an ontology-based 
semantic web technology for enhancing management of LOs. Wang et al. (2007), on the 
other hand, proposed using technologies supporting creation of ontologies and topic maps 
for effectively managing learning repositories.  
Several variations on the use of technologies for effectively managing LOs are observed in 
the literature. For example, the use of educational modelling language (EML) has been 
suggested to facilitate access to reusable, interoperable, rich and personalised LOs (Koper 
& Manderveld, 2004). To integrate heterogeneous learning resources, Yang, Chen and 
Peng (2006) proposed integrative knowledge resource management systems both at the 
repository and service levels. Demidova et al. (2005) suggested the use of an ontology-
oriented software tool for sharing learners’ best practices and to reflect on their 
understanding of meta-cognitive processes. Similarly, Kumar et al. (2007) developed a 
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prototype of ontology-oriented software for encouraging learners to record and share their 
learning interactions. 
The more recent technological developments supporting connectivism principles are 
advancements in content management, search and retrieval of Los, and semantic web 
technologies. Recent developments in content management systems, such as Equella (The 
Learning Edge) and HarvestRoad Hive, have been found to be effective in the management 
of digital repositories in the e-learning environment. Enhancement to existing content 
management systems has been suggested using pedagogy-oriented content mark-up 
language (PCML) for automating the interaction between teacher and content developer. 
 In fact, many innovative technologies supporting various strategies from all four 
paradigms of learning have been found to influence e-learning effectiveness. In addition to 
strategies and technologies, learning resources are equally important in contributing to 
enhancing e-learning effectiveness through creation of sustainable RLOR. The following 
section therefore describes various resources relating to the four learning paradigms 
covered in this study. 
3.4.3 Learning Resources 
Besides pedagogies and associated technologies, it is equally crucial to provide multiple 
learning resources embracing pedagogies and technologies (Huang et al., 2006; Tzeng et 
al., 2007). The literature on e-learning effectiveness has proposed numerous learning 
resources for e-learning success, including e-learning resources supporting behaviourist, 
cognitivist, constructivist and connectivist strategies.  
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Behaviourism 
Several studies have suggested the positive influence of multiple learning resources, such 
as text, hypertext, audio, video, PowerPoint and online browsing, in supporting 
behaviourist philosophies of the passive learning process (Frederickson et al., 2005; 
Khalifa et al., 1999). Specifically, Marks, Sibley and Arbaugh (2005) found that the learner 
to content interaction through streaming media, PowerPoint and hyperlinking has 
substantial influence on e-learning effectiveness. Boppana (2003) therefore suggested the 
integration of content, context and common knowledge for multimedia information access. 
Likewise, hypertext learning resources have been proposed to facilitate the transition from 
declarative to structural knowledge (Khalifa et al., 1999). El Saddik et al. (2001) also 
recommended the reusability of multimedia content in the e-learning environment.  
Cognitivism 
Embracing the cognitivist objectives, Jacobson (1994) recommended semantically 
structured hypertext to enhance e-learning effectiveness. Khalifa and Kwok (1999) found 
that the use of hypertext enabled learners to acquire complex mental models through 
explicit illustration of relationships between concepts. Similarly, Ryan et al. (2000) 
suggested online libraries, journals and other online resources to enhance an effective e-
learning process. Facilitating learning and reflection, Allert, Richter and Nejdl (2004) 
advocated second order LOs to foster learning that goes beyond what is already known. 
Constructivism 
Incorporating the constructivist strategies, many learning resources have been proposed to 
enhance e-learning effectiveness. They include authenticated external resources (Drago et 
al., 2002), interactive multimedia resources (Hannafin et al., 1997), adaptive learning  
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resources (Brusilovsky, 2004; May & Short, 2003) and diagram-based learning resources 
(Chang et al., 2001).  
To facilitate the reusability of learning resources from constructivist strategies, Richards 
(2007) proposed building a shared repository, and Braun et al. (2007) suggested 
embedding the shared repository into everyday collaborative work processes by adopting 
the Web 2.0 approach. Many other studies have recommended collaborative annotation 
and authoring of reusable LOs for the sharing of metadata annotation among collaborative 
groups (Dodero et al., 2005). For instance, Dodero et al. (2005) urged capturing both 
implicit and explicit knowledge by recording interactions between learners to create 
sustainable LOs. Richards and Richards (2007) proposed an approach that supports 
viewing, refining and defining of the knowledge base within collaborative learning.  
In line with the adaptive learning objective, Paramythis and Loidl-Reisinger (2004) 
suggested corroboration of learner profile schema, including levels (advanced, 
intermediate and beginner), preferences (text, audio and video) and styles (problem-based, 
active, passive and interactive), into LOs to expedite the knowledge acquisition process. 
Brady et al. (2008) recommended personalised LOs catering to different needs of learners 
in facilitating an adaptive learning strategy. Gasevic and Hatala (2006) proposed a 
personalised delivery of learning resources through creation of three types of ontology: 
content, context and structure. Similarly, many other studies have suggested the provision 
of personalised information adapting to the characteristics of the learner profile through a 
semantic web-based approach (Kim, Kim & Park, 2005; Lo, Ng & Lu, 2002; Musa, 2004; 
Woelk, Stabb & Volz, 2002).  
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Connectivism 
Many learning resources have been suggested that support the objectives of the 
connectivist principles. In particular, Evans (2008) proposed connecting the mobile 
learners and learning resources via audio and video podcasting. MacKenzie and Walsh 
(2009) recommended sharable multimedia LOs for enhancing the curriculum, while Aroyo 
et al. (2006) suggested an interactive ontology-driven agent for personalised management 
of e-learning content. Esteban-Gil, et al. (2009) recommended efficient management of 
educational content through human and machine processability of educational content. 
Mwanza and Engestrom (2005) advocated an activity-centred approach for managing e-
learning objects through contextually and pedagogically enriched metadata descriptions. 
To help face the challenge of information overload on the internet, Morikawa (2004) 
proposed use of advanced XML for creating topic map-based LOR. Salajan et al. (2009) 
suggested the use of web-based interactive objects in augmenting the learner’s 
conceptualisation of difficult concepts.  
It is evident that multiple innovative learning resources have been recommended to 
enhance the effectiveness of e-learning. Nevertheless, these valuable LOs are useful for the 
future generation only if they are supported by the creation of RLOR. The following section 
therefore explores the efforts of enhancing management of learning resources and the 
creation of RLOR. 
3.4.4 Management of Learning Resources 
The use of multiple pedagogies, technologies and learning resources results in the 
generation of a large amount of learning resources, which can lead to information 
overload. Numerous studies have therefore identified the importance of effective 
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management of learning resources for enhancing e-learning effectiveness (Hatala et al., 
2004; Yang, Chen & Shao, 2004). The key elements within such management include 
capturing, eliciting, organising, retrieving, authenticating and reusing (Nonaka & 
Toyamma, 2003). In addition, the value of LOM has been recognised as enhancing 
management activities through metadata description.  
An array of indicators to describe the characteristics of learning resources has been 
identified from various existing standards, such as Dublin Core, IEEE LOM and IMS 
learning resource metadata. Furthermore, ontology-based elements to describe the 
content, context and structure of LOs have been identified (Gasevic et al., 2006).  
In addition to the above suggested efforts to better manage learning resources, recent 
researchers, including Richards et al. (2007), Winne et al. (2006) and Dodero et al. (2005), 
have proposed various initiatives towards the creation of sustainable and successful RLOR. 
To facilitate reusability of LOs, Richards and Hatala (2005) proposed a mechanism for 
linking LO repositories internationally through interoperability. To enhance self-regulated 
learning, Winne et al. (2006) suggested a cognitive tool for learners to take notes, create 
glossaries, label and index content, construct concept maps, search for information, chat 
and collaborate, and receive coaching. Identifying the importance of metadata annotation, 
Dodero et al. (2005) recommended a tool for ontology-based collaborative annotation of 
LOs.  
In summary, there is much research investigating ways of effectively managing learning 
resources. Yet despite these efforts, various limitations have been identified. For example, 
many problems have been identified with semantic tagging: misspelling, synonymy, 
homonymy, missing concepts and lack of context (Brooks, Panesar & Greer, 2006). The 
creation of quality LOR and associated ontologies is an enormous task, and the 
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sustainability is a major problem associated with this. To realise sustainable management 
of learning resources, an evaluation of major stakeholders’ preferences for both 
management and metadata factors, and their perceived impact on e-learning effectiveness, 
is essential. This necessitates identification of a small number of critical factors to 
realistically realise this vision.  
3.4.5 Summary of Dimensions of E-learning Ecosystems 
The above literature indicates the importance of the four key dimensions and the factors 
within each dimension for e-learning success. Many researchers have acknowledged the 
importance of linking pedagogical strategies, technologies and learning resources for e-
learning success (Firdiyiyek, 1999; Govindasamy, 2001). For instance, Govindasamy 
(2001) argued that a lack of pedagogical principles behind learning technologies is one of 
the biggest drawbacks of many LMSs. Firdiyiyek (1999) stated that there is a serious 
mismatch between LMSs and the pedagogical principles behind these systems.  
Aligning pedagogies and learning resources has also been acknowledged in many studies, 
resulting in the recommendation of a variety of LOs to fit the pedagogical strategies (Aroyo 
et al., 2006; Richards et al., 2007). However, these studies have not considered evaluating 
the relationship between the four key dimensions simultaneously. In addition, there is very 
little research on identification of the factors within each e-learning ecosystem dimension 
in influencing the e-learning effectiveness.  
3.5 Concluding Remarks 
The objective of this chapter is to provide a comprehensive review of literature on learning 
theories, learning models and the key dimensions of an e-learning ecosystem. As a result, a 
foundation has been built for this study by investigating the literature on learning theories 
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and learning models, and the dimensions of an e-learning ecosystem, as shown in Figure 
3.12. 
 
Figure 3.12 Learning Theories, Learning Models and Dimensions of the E-
learning Ecosystem 
The review of literature on learning theories covers four paradigms: behaviourism, 
cognitivism, constructivism and connectivism. Important developments have been 
observed across the philosophical views on effective learning, from passive teacher-centred 
learning principles to active learner-centred learning. A shift in focus has also been noted, 
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from teachers playing the central role in behaviourism, to learners playing the central role 
in constructivism and connectivism. Each of these four paradigms highlights the 
importance of various aspects for enhancing the e-learning effectiveness: objectivist 
knowledge transfer process via behaviourism, cognitive information processing via 
cognitivism, learner-centred active learning process via constructivism, and linking of 
learners and LOs/machines via connectivism. The potentials and weaknesses of each 
paradigm have been noted in this chapter.  
The literature review on learning models covers various models based on the above four 
learning paradigms. Each of these models emphasise specific aspects of learning that align 
with the multiple learning paradigms. The focus of ISD and ITS models is the development 
of a system to fulfill the rote learning and information processing aspects of behaviourism 
and cognitivism. The crux of interaction models is to facilitate interactive aspects of the 
learning process aligning with constructivist principles. The central aspect of models that 
include LO, semantic web and MIT open courseware is that of effective ways of managing 
reusable LOs linking highly with connectivism.  
In terms of interaction, these models deal with interactions, such as interaction between 
the players, and interaction between the players and LOs. The review of these models 
highlights the lack of research on the interaction and interdependency of the key 
dimensions of an e-learning ecosystem. This draws attention to the need for further 
research in the area of development of a theoretical framework, considering the interaction 
between the four key dimensions of an e-learning ecosystem.  
A review of literature on the four e-learning ecosystem dimensions highlights the 
importance of pedagogical strategies, technologies, learning resources and management of 
learning resources for e-learning success. It is evident from the literature that a concerted 
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effort has been directed towards identification of various innovative strategies and 
technologies, and learning resources towards augmenting the effectiveness of e-learning. 
In addition, noteworthy development towards identification of factors supporting LO 
management and allied metadata ontologies facilitating creation of LOR has been made. 
The literature also provides strong evidence of the positive impact of using these four 
dimensions and the factors within each dimension to improve the e-learning effectiveness.  
Nevertheless, it has been noted while reviewing the literature that there has been paucity 
of qualitative and quantitative research examining the complex interaction between these 
four key dimensions (Hoffman, 2005). Much of the theoretical and empirical research has 
only focused on specific aspects of the strategies, technologies and learning resources 
promoting learning outcomes and satisfaction. Managing resources derived from multiple 
activities proposed in learning models has not been covered much in the literature.  
Many of the factors within these four dimensions are interconnected, as one feeds into the 
success of the other. In other words, each of these dimensions is mutually interdependent 
and interrelated. This draws attention to the need for an overarching research to identify 
and evaluate the critical success factors intertwined within and between these dimensions, 
based on the preferences and perceptions of learners. As a result, this study is an attempt 
to build on the existing literature by evaluating learners’ preferences for these dimensions 
and their perceptions on influencing the effectiveness of e-learning.  
Subsequent chapters build upon the work presented in this chapter. Chapter 4, following 
on from this literature review, introduces a holistic framework that examines the 
interaction between the critical e-learning ecosystem dimensions for sustainable e-learning 
success. 
  
Chapter 4 
Research Questions, Theoretical Framework and Measurement 
Items 
“The illiterate of the 21st century will not be those who cannot read and write, but those 
who cannot learn, unlearn, and relearn.” 
  Alvin Toffler 
 
4.1 Introduction 
Chapter 3 highlights several facets from the e-learning literature. These include 
importance of the four e-learning dimensions, lack of learning model evaluating the 
complex interaction between these dimensions, lack of research dealing with the 
interactions between these vital dimensions, and lack of research evaluating the influence 
of these dimensions on e-learning effectiveness based on the perceptions of e-learning 
stakeholders. This implies the need for further research in the developing and testing of 
models integrating these four e-learning ecosystem dimensions.   
The objective of this chapter is to provide a general theoretical framework for gaining a 
better understanding of the e-learning success factors. Based on the general framework, 
the four dimensions are further classified into a number of constructs. Each of these 
constructs is measured by a number of factors identified from the literature. This chapter 
presents these dimensions, the constructs derived from the dimensions, and factors within 
each of the constructs.  
To fulfill the objective of this chapter, it is organised into five sections. Section 4.2 presents 
the research questions for this study. Section 4.3 provides an overall theoretical framework 
for considering the key dimensions of the e-learning ecosystem, with an explanation of the 
differences between various terminologies used in this study. Section 4.4 identifies the 
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measurement items for each of the latent construct used in this study. Section 4.5 ends the 
chapter with concluding remarks.  
4.2 Research Questions 
The main objective of this study is to develop and evaluate conceptual models of e-learning 
ecosystems. This is to gain a better understanding of the intertwined critical dimensions 
and factors for influencing the e-learning effectiveness, as perceived by the key players in 
the e-learning environment. Based on this objective, the main research question addressed 
in this study is:  
How to evaluate the critical interrelated factors of pedagogical strategies, facilitating 
technologies, learning resources and management of reusable learning resources 
concurrently, for enhancing the effectiveness of e-learning? 
Several subsidiary research questions are investigated as follows: 
1. What is a theoretical framework considering the key dimensions of an e-learning 
ecosystem? 
2. What are the critical dimensions facilitating and hindering the enhancement of the 
e-learning effectiveness, as perceived by major e-learning stakeholders? 
3. What are the critical factors within each key dimension for facilitating and 
hindering enhancement of the e-learning effectiveness? The following are some specific 
questions relating to each of the e-learning ecosystem dimensions: 
• What are the critical pedagogical strategies perceived as effective by e-
learning stakeholders?  
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• What are the perceived critical technological factors supporting each 
pedagogical strategy for successful implementation?  
• What are the perceived critical learning resources supporting/derived from 
each pedagogical strategy for successful implementation?  
• What are the perceived critical management factors for enhancing the 
management of learning resources generated from various pedagogies and 
technologies?  
• What are the perceived critical metadata ontologies for realising the semantic 
web vision towards creating a sustainable RLOR in the e-learning 
environment?  
• What are the perceived critical management effectiveness factors for 
enhancing the e-learning effectiveness?  
4. How to develop conceptual models that are capable of incorporating associations 
between the critical dimensions of an e-learning ecosystem?  
5. How to evaluate the interaction between the critical e-learning ecosystem 
dimensions in influencing the e-learning effectiveness? 
4.3 A Theoretical Framework for E-learning Ecosystems 
The development of a theoretical framework is necessary for answering the first subsidiary 
question. The rationale for developing such a framework arises from the lack of models for 
evaluating the complex interaction between these dimensions. In other words, the current 
digital era demands a practical model that integrates different learning theories to guide 
the development of a successful e-learning environment.  
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There is a large body of research that recognises the need for an integrated approach 
combining multiple learning paradigms and models (Ally, 2008; Ertmer et al., 1993; 
Janicki & Liegle, 2001). For instance, Ertmer and Newby (1993) proposed combining 
multiple approaches for augmenting the e-learning effectiveness. Bednar et al. (1995) 
advocated collecting strategies and concepts from multiple learning theories, and putting 
them into practice, to achieve the desired learning outcomes. Prensky (Prensky, 2001) 
recommended an eclectic approach to e-learning by choosing different strategies for 
different learning outcomes. For example, he suggested practice and drill strategies to 
learn concepts and facts; imitation, practice and feedback to learn behaviours; and logic, 
explanation and questions to learn theories. Towards choosing the appropriate method, 
Prensky (2007, p. 80) asserted that it is asking “how do learners learn what” rather than 
“how do learners learn” that is essential for successful knowledge transfer.  
The interactions between the key e-learning ecosystem dimensions are crucial for 
successful e-learning. Learning models in Chapter 3 incorporate a number of interactions: 
interaction between different dimensions of ISD (ISD and LMS models); interaction 
between learners, and systems and LOs (ITS and concept mapping models); interaction 
between major players and LOs (demand driven, conversational, communities of inquiry 
and interaction models); interaction between LOs and their interrelationship between 
concepts (semantic web models); and interaction between modes of learning, and 
instructional strategies and technologies (theory-based design model).  
One of the major weaknesses of these models is a lack of considering all key interactions 
concurrently. Also, the key activities facilitating the knowledge transfer process are not 
considered explicitly in these models, which are equally pertinent for enhancing the e-
learning effectiveness. In other words, the existing research lacks an overarching 
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framework for embracing all types of interactions derived from multiple learning theories. 
To help fill this gap, a framework incorporating the interdependence and interaction 
between the four e-learning dimensions for creating a sustainable e-learning ecosystem is 
presented in Figure 4.1. This framework is the basis for understanding this study’s 
objectives and for developing the conceptual models to fulfill these objectives.  
Figure 4.1 shows the course learning objectives, goals, scope and domain of the learning 
units in the centre. They form the foundation for developing pedagogical strategies, 
technologies, learning resources and management of learning resources for a given course 
in tertiary education. The interaction between the course learning objectives and the four 
e-learning ecosystem dimensions is represented by input arrows pointing from the centre 
to these dimensions. The interrelationship between pedagogical strategies, technologies, 
learning resources and effective management of learning resources is represented by the 
double-sided arrow pointing to the four dimensions.  
The interaction between management and technologies dimensions is represented by the 
double-sided arrow, to emphasise the interdependency between these two dimensions in 
enhancing the e-learning effectiveness. Major players and their interaction with each of the 
dimensions are represented by the link from these players (outside the boundary cloud 
symbol) to the course learning objectives. 
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Figure 4.1 An E-learning Ecosystem Framework
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In addition to the explicit interaction between the dimensions, many other implicit 
interactions are incorporated through multiple intermediating dimensions of the 
framework. For instance, interaction between teachers and learners, and learners and 
learners is facilitated by adopting collaborative learning strategies supported by 
collaborative technologies. Interaction between learners and LOs is facilitated by 
explorative learning strategies and supporting technologies. Interaction between learners 
and RLOR is facilitated by management of learning resources and supporting technologies.   
Based on this theoretical framework, two conceptual models (base and alternative) have 
been developed for evaluating the proposed framework in Chapter 6, to fulfill the 
objectives of this research. Both models incorporate various constructs. Constructs in this 
study refer to latent independent (or exogenous), latent dependent (or endogenous) and 
latent moderating (or mediating) constructs. The latent constructs are unobserved 
variables.  
Each of these constructs is measured by a number of factors (measurement items or 
indicator variables) to adequately represent the facets of each latent construct. The latent 
independent constructs are derived from the four e-learning ecosystem dimensions: 
pedagogies, technologies, learning resources and management of learning resources. The 
latent dependent construct is the one which is influenced by the independent construct. 
The latent dependent construct in this study is the e-learning effectiveness measured by a 
set of factors. The latent moderating construct is influenced by latent independent 
constructs, which in turn influences the dependent variable. This means that the 
moderating constructs measure the indirect effect of independent constructs on dependent 
constructs. The latent moderating constructs in this study are management of learning 
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resources and management effectiveness, presented in the alternative model described in 
Chapter 9.  
Figure 4.2 summarises the differences between various terminologies used in this study. 
The inner most circle consists of multiple stars to indicate observed factors (measurement 
items) for each latent construct. The latent constructs are represented by seven stars 
incorporating dependent, independent and moderating constructs. The four dimensions of 
the e-learning ecosystem are represented by the four stars. The outer most level indicates 
the two e-learning success models proposed in this study, incorporating the factors within 
constructs, constructs within dimensions, and dimensions within the e-learning success 
models.  
The base model is the simplest model in terms of dealing with a number of direct cause 
and effect relationships. This base model hypothesises the e-learning effectiveness 
(dependent latent construct) as the function of six independent latent constructs derived 
from the four e-learning ecosystem dimensions. Out of the six independent constructs, 
four constructs directly stemming from the four dimensions are pedagogical strategies, 
technologies, learning resources and management of learning resources. The additional 
two constructs, namely metadata ontologies and management effectiveness, are added on 
after the preliminary interviews based on the perceptions of the interviewees. The results 
of the preliminary interviews, followed by further review of the literature, indicate the 
influence of these two constructs on the e-learning effectiveness, both directly and 
indirectly. The result is the incorporation of these two constructs both in follow-up 
interviews and the final survey instrument. In the base model, the e-learning effectiveness 
is a dependent latent construct, while the other six are independent latent constructs.  
Research Questions 2011 
 
Page 120 
 
Figure 4.2 Differences between Dimensions, Constructs and Factors 
The alternative model splits the determinant into direct latent constructs and indirect 
latent constructs. The direct latent constructs are pedagogies, technologies, learning 
resources and metadata ontologies. The indirect latent constructs are management of 
learning resources and management effectiveness. The alternative model examines both 
the direct and indirect relationship of these latent constructs on influencing the e-learning 
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effectiveness. The factors or measurement items for each construct are presented in the 
following sections. 
4.4 Factors or Measurement Items for Latent Constructs 
Based on the literature review in Chapter 3, a total of seven latent constructs have been 
identified for developing the two conceptual models as described in Chapter 6. These are 
pedagogies, technologies, learning resources, management of learning resources, metadata 
ontologies, management effectiveness and e-learning effectiveness. Out of the seven latent 
constructs, the e-learning effectiveness is the dependent latent construct in both models. 
In contrast, pedagogies, technologies, learning resources and metadata ontologies are 
independent latent constructs in both models. Management of learning resources and 
management effectiveness are considered as independent latent constructs in the base 
model, and as moderating latent constructs in the alternative model. Further justification 
for testing the base and alternative models is provided in Chapters 6 and 9.  
Each construct is represented by a number of measurement items or factors. These 
preliminary factors, derived from the review of literature, are observed variables to 
measure each latent construct. The initial factors for each of these constructs have been 
extended at the qualitative analysis stage to incorporate the findings from the qualitative 
analysis. The factors for each of the latent constructs are summarised in the following 
sections.  
4.4.1 Factors in Pedagogies  
Pedagogies relate to a number of strategies for enhancing the e-learning effectiveness. 
They are classified into learner-centred, teacher-centred and hybrid-based approaches. 
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Specifically, six factors for measuring the latent construct pedagogies are identified from 
the literature.  
 Table 4.1 provides individual factors, their descriptions and key references for each of the 
items within the pedagogies construct. These factors are active (Alexander et al., 2001; 
Salajan et al., 2009), collaborative or cooperative learning (Anderson, 2003; McConnell, 
2005; Migadadi, 2009), explorative learning (Dicheva et al., 2006; Handschuh & Staab, 
2003), adaptive learning (Brusilovsky et al., 2003), concept or mind mapping (Conole, 
2008; Dicheva et al., 2006; Novak, 1998), and blended learning (Alonso et al., 2005; 
Singh, 2003).  
Table 4.1 Pedagogies: Factors, Descriptions and References  
4.4.2 Factors in Technologies  
In reality, pedagogical approaches cannot be implemented without appropriate supporting 
technologies in an e-learning context. In this regard, several studies have identified a 
No. Factors  Descriptions References 
1 Active/interactive 
learning  
Facilities to learn by doing (e.g. 
problem-solving, answering 
questions) 
(Alexander and Boud, 
2001; Salajan et al., 2009) 
2 Collaborative 
learning 
Facilities to learn by discussing 
with peers (e.g. group project) 
(Anderson, 2003; 
McConnell, 2005; 
Migadadi, 2009) 
3 Explorative 
learning 
Use of course-related external 
learning resources  to discover 
additional knowledge (useful 
links, additional readings) 
(Dicheva et al., 2006; 
Handschuh et al., 2003) 
4 Adaptive learning Facilities to access resources to 
match learning styles and levels  
Brusilovsky & Peylo, 2003 
5 Concept/topic 
mapping 
Diagrammatic view of course-
related concepts to enable 
comprehension (mind 
mapping) 
Conole et al., 2008; Novak, 
1998 ; Dicheva & Dichev, 
2006  
6 Blended learning Combination of online learning 
with face-to-face learning  
(Alonso et al., 2005; Singh, 
2003) 
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number of technologies supporting learner-centred, hybrid-based and teacher-centred 
strategies. In total, six factors incorporating multiple technologies for measuring the latent 
construct technologies have been identified.   
Table 4.2 summarises the factors, descriptions and references for each factor within the 
technologies latent construct. It shows that a number of technologies have been suggested 
for promoting active learning. Examples include tools and technologies facilitating 
computer-assisted self-assessment quizzes, intelligent tutoring, problem-based learning, 
game-based learning and case-based learning (Bongey et al., 2005; Davies, Krizova & 
Weiss, 2006; Riesbeck, 1996; Savery & Duffy, 1995).  
Table 4.2 Technologies: Factors, Descriptions and References 
No. Factors  Descriptions References 
7 Active 
/interactive 
learning 
technologies 
Technologies to enable learning by 
doing (e.g. online quizzes, Second Life, 
game-based learning, problem-based 
learning)   
(Alavi & Leinder, 2001; 
Serva & Fuller, 2004) 
8 Collaborative 
learning 
technologies 
Technologies to share and learn from 
peers (e.g. email, chat, discussion 
forums, blogs, del.ici.ous) 
(Bongey et al., 2005; 
Chou et al., 2009; Duffy, 
2001; Ebner, Holzinger & 
Maurer, 2007; Ras & 
Rech, 2009) 
9 Explorative/ 
retrieval 
technologies 
Technologies to match learners’ 
requirements, in terms of styles, 
preferences and levels (e.g. ITS) 
(Alavi & Leinder, 2001; 
Serva, et al., 2004) 
10 Adaptive 
learning 
technologies 
Retrieval technologies to find relevant 
external learning resources (e.g. 
Google Search, Wikipedia) 
(Adrian et al., 2006; Ally, 
2008; Brusilovsky, 2004; 
Dagger et al., 2004; Li & 
Huang, 2006; Marks et 
al., 2005) 
11 Concept /topic 
mapping 
technologies 
Technologies constructing mental 
models of topics and associated 
concepts (e.g. mind and concept 
mapping tools) 
(Chang et al., 2001) 
12 Blended 
learning 
technologies 
Audio/video-based lectures with 
participation facilities (e.g. Lectopia, 
Elluminate Live) 
(Davies et al., 2006; 
Zhang, 2008)  
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Several technologies have also been recommended for promoting collaborative learning 
strategies. These are technologies facilitating knowledge sharing, such as email, chat, 
CSCL, Wikipedia, weblogs, bookmarks (del.icio.us, diigo), multimedia (YouTube), how to 
(youteach, howcast), news (Digg.com, Truemrs.com), source codes (sourceforge) and Web 
2.0 (Bongey et al., 2005; Chou et al., 2009; Duffy, 2001; Ebner et al., 2007; Ras et al., 
2009).  
A number of technologies have been suggested for supporting explorative learning 
strategies. Examples include the advancement to information retrieval technologies, such 
as Google Search, Wikipedia and open source content (Alavi et al., 2001; Serva et al., 
2004). Technologies to support adaptive learning strategies include streaming media, 
PowerPoint, adaptive ITS and adaptive curriculum (Adrian et al., 2006; Ally, 2008; 
Brusilovsky, 2004; Dagger et al., 2004; Li et al., 2006; Marks et al., 2005).  
Likewise, technologies have been recommended for supporting concept and mind 
mapping, such as SmartDraw, CMap and extended topic maps, which have been developed 
to provide visual representation course concepts (Chang et al., 2001). Technologies such as 
audio/video-based lectures with participation facilities (Lectopia, Ellumiunate Live) and 
mobile technologies, have been proposed to enhance blended learning environments 
(Davies et al., 2006; Zhang, 2008). Overall, adopting diverse technologies that support 
various pedagogies have been suggested for improving the effectiveness of e-learning.  
4.4.3 Factors in Learning Resources  
Besides the technologies, it is equally important to provide multiple learning resources for 
supporting each of the pedagogical factors. Several studies have identified a number of 
learning resources supporting learner-centred, hybrid-based and teacher-centred 
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approaches. Six factors incorporating multiple learning resources to support the six 
pedagogical factors measuring the learning resources latent construct have been identified 
from the literature.  
Table 4.3 summarises the factors, descriptions and key references for each factor 
measuring the learning resources latent construct. To revisit, a number of learning 
resources have been suggested to promote individual pedagogical factors. For example, 
interactive multimedia resources, online quizzes and simulation exercises have been 
proposed for encouraging active learning (Hannafin et al., 1997; Huang et al., 2006). 
Reuse of valuable tacit and explicit knowledge generated from collaborative strategies, 
such as common misconceptions, frequently asked questions and difficult concepts, have 
been suggested by many researchers (Dodero et al., 2005; Richards et al., 2007). In 
addition, building a shared repository of learning resources from collaborative strategies 
has been proposed to encourage sharing and reuse of resources (Braun, Schmidt & Walter, 
2007; Richards et al., 2007).  
Supporting explorative learning methods, and authenticated, relevant external learning 
resources, such as open courseware materials, simulation exercises and Wikipedia 
resources, have been suggested (Drago et al., 2002; Sung & Ou, 2002). Adaptive learning 
resources to fit individual learner’s levels (i.e. basic, intermediary or advanced) 
(Brusilovsky, 2004; May et al., 2003), learner’s styles (e.g. visual, auditory, hands-on) and 
learner’s constraints (e.g. bandwidth restriction, software restriction) (Stephenson, Brown 
& Griffin, 2008) have been proposed to enhance e-learning effectiveness. Diagram-based 
resources supporting concept mapping have been identified for enhancing the learner’s 
comprehensibility (Chang et al., 2001). Lastly, facilities for revisiting online resources 
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supporting blended learning strategies have been proposed to enhance the e-learning 
effectiveness (Zhang, 2008).  
Table 4.3 Learning Resources: Factors, Descriptions and References 
4.4.4 Factors in Management of Learning Resources  
Effectively managing learning resources is necessary for creating a sustainable e-learning 
environment. This is due to the problem of information overload and the need to reuse 
learning resources (Demidova et al., 2005). In total, six factors have been identified from 
the literature for promoting the effective management of learning resources.  
No. Factors  Descriptions References 
13 Active/ 
interactive 
learning 
resources 
Interactive learning resources 
(e.g. multimedia resources, 
quizzes, problems, simulations)   
(Hannafin et al., 1997; 
Huang et al., 2006) 
14 Collaborative 
learning 
resources 
Resources generated from 
discussions (e.g. FAQ, common 
misconceptions, difficult 
concepts) 
(Braun et al., 2007; 
Dodero et al., 2005; 
Richards et al., 2007) 
 
15 Explorative 
learning 
resources 
Authenticated, relevant external 
learning resources (e.g. 
Wikipedia, open courseware, 
exercises) 
(Drago et al., 2002; Sung 
et al., 2002) 
16 Adaptive 
resources  
Resources to match learning 
levels (i.e. basic, intermediary or 
advanced), styles (e.g. visual, 
auditory, hands-on), technical 
constraints (e.g. audio and text 
transcription for learners with 
bandwidth restriction, software 
restriction) 
(Brusilovsky, 2004; May et 
al., 2003; Stephenson et 
al., 2008) 
 
17 Concept/topic 
mapping/ 
diagrammatic 
visual learning 
resources  
Diagram-based resources 
representing relationships 
between concepts in a course (e.g. 
concept and mind mapping) 
(Chang et al., 2001); 
(Zhang, 2008).  
18 Blended learning 
resources 
Multimedia audio/video-based 
resources, such as online lectures 
(Zhang, 2008) 
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Table 4.4 summarises the factors, descriptions and key references for each factor in 
measuring the management of learning resources latent construct. A number of factors 
have been identified for facilitating the effective management of learning resources. For 
instance, several innovative factors have been suggested to promote effective capturing of 
e-learning resources (Bonastre et al., 2005; Collis & Winnips, 2002; Krull, Mallinson & 
Sewry, 2006).  
Table 4. 4 Management of Learning Resources: Factors, Descriptions and 
References 
Multiple measures and technologies have been suggested for enhancing the elicitation and 
representation of e-learning resources (Aroyo et al., 2006; Evermann, 2005; Ouziri, 2006). 
Effective organisation and presentation of learning resources have been suggested through 
topic maps (Korthaus et al., 2006), contextual knowledge representation models (Weihong 
et al., 2003) and integration of heterogeneous learning resources (Demidova et al., 2005). 
Effective knowledge retrieval and reuse via contextual knowledge recovery have also been 
No. Factors  Descriptions References 
19 Capture Access to all course-related 
learning resources within the 
course website 
(Bonastre et al., 2005; Collis et 
al., 2002; Krull et al., 2006) 
20 Elicit 
(presentation) 
Presentation of resources with 
consistent design  
(Aroyo et al., 2006; Evermann, 
2005; Ouziri, 2006) 
21 Organise Indexed learning resources for 
fast access to resources 
(Demidova et al., 2005; 
Korthaus et al., 2006; 
Weihong & Hacid, 2003). 
22 Retrieve Facilities to enable easy and fast 
retrieval of resources within a 
course website 
(Weihong et al., 2003)  
23 Authenticate Access to quality external 
resources (e.g. context 
specificity, relevancy) 
(Peltier, Schibrowsky & Drago, 
2007; Sridharan, Deng & 
Corbitt, 2008) 
24 Reuse Reuse of materials for next level 
of learning activity 
(Concannon, Flynn & 
Campbell, 2005; El Saddik et 
al., 2001; Ras et al., 2009).  
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suggested (Weihong et al., 2003). Filtering and pruning of e-learning resources have been 
proposed to provide access to authenticated LOs (Peltier et al., 2007; Sridharan et al., 
2008). The reusability of learning resources has been recommended for enhancing the 
effective retrieval of multimedia objects (El Saddik et al., 2001), the sharing of resources 
(Concannon et al., 2005) and for enriching the use of lessons learnt from other learners 
(Ras et al., 2009).  
4.4.5 Factors in Metadata Ontologies  
Metadata ontologies play a crucial role in enhancing the e-learning effectiveness and the 
successful management of learning resources. Several studies have proposed a number of 
metadata ontology factors that describe learning resources for effective retrieval and reuse. 
In this study, these are classified into three factors: content ontologies, context ontologies 
and structure ontologies. 
Table 4.3 summarises the factors, descriptions and key references for each factor 
representing the metadata ontologies latent construct. A number of sub-factors have been 
identified within content ontologies that describe learning resources, such as title, creator, 
subject, description, publisher, contributor, date, type, format, identifier, source, language, 
relation, coverage and rights (Duval, 2006; Weibel, 1999). A number of sub-factors have 
been identified for context ontologies representing the pedagogical role of the content, 
such as definition, illustration and example (Gasevic et al., 2006; Jovanovic et al., 2006). 
In addition, several sub-factors have been recommended to describe structure ontologies, 
such as prerequisite, co-requisite and follow-up topics specific to the domain (Gaševic, 
Djuric & Devedžic, 2009; Stojanovic, 2005).  
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Table 4.5 Metadata Ontologies: Factors, Descriptions and References 
4.4.6 Factors in Management Effectiveness  
Management effectiveness reflects the impact of successful management of learning 
resources on e-learning effectiveness. Several studies have proposed a number of factors 
for measuring the management effectiveness. Specifically, six factors have been identified 
in this study: availability, accessibility, relevancy, quality, adaptability and reusability of 
learning resources.  
Table 4.6 summarises the factors, descriptions and key references for each factor 
measuring the management effectiveness construct. Several researchers have suggested a 
number of factors to enhance management effectiveness (Drago et al., 2002; Drennan, 
Kennedy & Pisarki, 2005). These factors include provision of relevant learning resources 
(Bhogal, Macfarlane & Smith, 2007; Drago et al., 2002), provision of  quality learning 
resources (Peltier et al., 2007), provision of adaptable learning resources to suit the levels, 
styles and preferences of learners (El Saddik, Fischer & Steinmetz, 2001; Friesen et al., 
2005), and reusability of learning resources  (El Saddik et al., 2001; Miguel-Angel & Elena, 
2003).  
No. Factors  Descriptions References 
25 Content 
ontologies 
Upper level ontologies (e.g. 
author and keyword)  
(Duval, 2006; Weibel, 1999) 
26 Context 
ontologies 
Context ontologies (e.g. type of 
resource, level of resource, 
suitability of resource)  
(Gasevic et al., 2006; 
Jovanovic et al., 2006) 
27 Structure 
ontologies 
Domain ontologies (e.g. 
prerequisite, co-requisite, 
follow-up materials) 
(Gaševic et al., 2009; 
Stojanovic, 2005) 
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Table 4.6 Management Effectiveness: Factors, Descriptions and References 
4.4.7 Factors in E-learning Effectiveness 
The effectiveness of e-learning is a dependent construct influenced by all of the 
independent constructs discussed above. To fully understand how various independent 
latent constructs influence the effectiveness of e-learning, it is important to identify the key 
factors for measuring the e-learning effectiveness. Five preliminary factors have been 
identified for measuring this latent dependent construct: learning outcomes, enjoyment, 
satisfaction, stimulation and critical thinking skills.  
Table 4.7 summarises the factors, descriptions and key references for each factor 
measuring the e-learning effectiveness construct. The factors measuring the e-learning 
effectiveness are learning outcomes (Tatana & Robert, 2002; Walker et al., 2005; Zhang et 
al., 2006), enjoyment (Fu, Chou & Yu, 2007; Walker et al., 2005; Yi & Hwang, 2003), 
satisfaction (Alonso et al., 2009; Arbaugh, 2000; Draskovic et al., 2004; Drennan et al., 
2005; Sun et al., 2008; Yang, 2008), stimulation (Chiu & Wang, 2008; Hsu, 2004; James 
No. Factors  Descriptions References 
28 Availability Availability of learning resources  (Drago et al., 2002; 
Drennan et al., 2005) 
29 Accessibility Easy and fast access to learning resources 
(within two to three clicks) 
(Drago et al., 2002; 
Drennan et al., 2005) 
30 Relevancy Access to relevant learning resources 
(avoid information overloading) 
(Bhogal et al., 2007; 
Drago et al., 2002) 
31 Quality Access to quality learning resources (save 
time on searching and spend time on 
learning) 
(Peltier et al., 2007) 
32 Adaptability Access to learning resources to adapt to 
individuals’  requirements 
(El Saddik et al., 2001; 
Friesen et al., 2005) 
33 Reusability Reusability of learning resources (El Saddik et al., 2001; 
Miguel-Angel et al., 2003) 
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& Thomas, 2006) and critical thinking skills (Chiu et al., 2008; Draskovic et al., 2004; 
Frederickson et al., 2005; Hay, Peltier & Drago, 2004; James et al., 2006).  
Table 4.7 E-learning Effectiveness: Factors, Descriptions and References 
4.4.7 Measurement Items Summary 
In brief, a preliminary list of 38 factors has been identified, representing dependent, 
independent and moderating latent constructs. These factors are further extended to 
include a number of additional factors based on interview results. These factors form the 
basis for developing the interview questions and survey instrument for this study.  
4.5 Concluding Remarks 
Towards understanding the factors influencing the e-learning effectiveness, this chapter 
presents research questions, a theoretical framework and factors for measuring each 
construct. First, the main research question and a number of subsidiary research questions 
derived from the objectives of this study are discussed. This chapter answers the first 
subsidiary research question by developing an e-leaning ecosystem framework considering 
No. Factors  Descriptions References 
34 Learning 
outcomes 
Achievability with respect 
to course learning 
outcomes 
(Tatana & Robert, 2002; Walker & 
Fraser, 2005; D. Zhang, Zhou, 
Briggs, & Nunamaker, 2006) 
35 Enjoyment Sense of enjoyment in 
obtaining final grades 
(Fu et al., 2007; Walker et al., 
2005; Yi et al., 2003) 
36 Satisfaction Satisfaction from 
knowledge acquisition 
(Alonso et al., 2009; Arbaugh, 
2000; Draskovic et al., 2004; 
Drennan et al., 2005; Sun et al., 
2008; Yang, 2008) 
37 Stimulation Degree of stimulation/ 
motivation in learning 
(Chiu et al., 2008; Hsu, 2004; 
James et al., 2006) 
38 Critical thinking 
skills 
Acquisition of critical 
thinking skills from 
multiple learning sources 
(Chiu et al., 2008; Draskovic et al., 
2004; Frederickson et al., 2005; 
Hay et al., 2004; James et al., 
2006) 
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the four critical dimensions. In addition, it answers the second and third research 
questions by identifying a number of key constructs and factors for this study.  
Second, the justification for the need for a theoretical framework is discussed, followed by 
the development of a theoretical e-learning ecosystem framework. The review of literature 
in Chapter 3 identifies the lack of framework for considering various types of interaction 
between the e-learning ecosystem dimensions. To fill this gap, an e-learning ecosystem 
framework is proposed for considering both explicit and implicit relationships between the 
four e-learning ecosystems dimensions. This framework provides the answers to the first 
research subsidiary question: How to develop a theoretical framework considering the 
key dimensions of e-learning ecosystems? This forms the basis for developing conceptual 
models and conducting qualitative and quantitative research to fulfill the objectives of this 
study. The two conceptual models developed from this framework are introduced. In 
addition, a number of terminologies used in these two models are explained.  
Third, a number of factors measuring each latent construct have been identified, partially 
fulfilling the second and third objectives of this study. These factors are the preliminary set 
of factors derived from the review of literature, which are extended further in Chapter 6. 
The proposed framework, along with the dimensions, constructs and factors, form the 
basis for developing interview questions and survey instrument as described in the 
subsequent chapters.  
  
Chapter 5 
Research Methodology 
“The biggest obstacle to innovation is thinking it can be done the old way.” 
Jim Wetherbe, Texas Tech 
 
5.1 Introduction 
Research methodology is “the overall approach to research process, from theoretical 
underpinning to the collection and analysis of the data” (Hussey & Hussey, 1997, p. 54). It 
deals with many research considerations: what data is collected, why certain data is 
collected, where it is collected from, when it is collected, how it is collected, and how it will 
be used. A number of research methodologies are suitable for fulfilling different research 
objectives, including action, applied, qualitative, quantitative, exploratory and 
confirmatory research. Despite many debates about how to choose the right research 
methodology, there is a consensus on addressing the two fundamental questions relating 
to using any research methodology. These questions are: ‘what methods are used in a given 
research?’ and ‘what is the justification for choosing these methods?’ This chapter aims to 
answer these two questions by elaborating on the methodologies selected in this study and 
providing the rationale for choosing them. 
To achieve the objectives noted above, this chapter is organised into five sections. Section 
5.2 presents the research design by providing the rationale for several decisions made 
when answering the research questions in this study. Sections 5.3 and 5.4 explain the data 
collection and data analysis methods respectively. Section 5.5 then gives a detailed account 
of the reliability and validity measures used in both the qualitative and quantitative 
approaches. Finally, section 5.6 provides some concluding remarks for this chapter.  
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5.2 Research Design  
The purpose of the research design is to make a series of decisions that assist in effectively 
answering the research questions. Zikmund (1991, p. 42) defined research design as “a 
master plan specifying the methods and procedures”, while Hussey and Hussey (1997, p. 
114) referred to it as a “detailed plan which you will use to guide and focus your research”. 
Specifically, research design involves making decisions relating to an appropriate choice of 
research paradigms, data collection methods, data analysis methods, the sample 
population for data collection, the time horizon, data management and the overall research 
process for the study.  
Some of the common research designs are experimental, case study, longitudinal and 
cross-sectional. In this study, cross-sectional research design using interviews and a 
questionnaire for data collection are considered the most effective in answering the 
relevant questions. As a result of the multi-method data collection approach, in-depth 
interviews with e-learning providers and an online survey method for gathering data from 
e-learners has been adopted. A multi-method data analysis is considered appropriate for 
both qualitative and quantitative analysis of the data collected from interviews and the 
survey respectively.  
5.2.1 Research Paradigms  
A paradigm is the “basic belief system or world view that guides the investigation” (Guba & 
Lincoln, 1994, p. 105). Research paradigms can be positivism, interpretivism or critical. 
Positivism aims to seek and identify contextual variables to objectively measure and 
predict relationships between those variables. Interpretivism aims to understand patterns 
of meaning to gain insight into the complexity of phenomena. Critical paradigm aims to 
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understand contradictions, conflicts and challenges that would bring forth changes to 
society. Considering the purpose of this study in evaluating the critical factors for the 
success of e-learning, the most appropriate choice of research paradigm is the positivist 
one.  
Positivist paradigms involve examining the literature, establishing the theory and testing 
the hypotheses (Hussey et al., 1997). Common attributes of the positivist paradigm are the 
study object being independent of researchers, discovery of knowledge through direct 
measurement, and establishing the findings by defragmenting a phenomenon to examine 
its components. All these attributes are present in this study, which is why positivism has 
been chosen as the most appropriate paradigm.  
5.2.2 Data Collection 
Data collection is a process of obtaining useful information on key characteristics for 
answering the research questions. Many data collection methods are appropriate for the 
cross-sectional research design chosen for this study, such as literature review, interviews, 
survey, observation, analysis of documents.  
In regard to the specific context of this research, the three most relevant methods for 
collecting data from e-learning providers and e-learners are literature review, interviews 
and survey. Although observation was also considered relevant, this method has been 
ruled out due to its intrusive nature in the context of e-learning. The interview method is 
appropriate because interviews are particularly suitable for understanding versatile beliefs 
and practices of individual e-learning providers when assessing what works best (or worst) 
in e-learning (Yin, 1994). As a result, a qualitative approach in the form of literature review 
and interviews, and a quantitative approach in the form of a survey have been used in this 
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research for data triangulation. Triangulation is “the combination of methodologies in the 
study of the same phenomenon” (Denzin, 1978, p. 291). Denzin’s data triangulation is 
achieved by collecting data from multiple sources for this study, namely literature review, 
interviews with e-learning providers and a survey for e-learners.  
5.2.3 Data Analysis  
Data analysis is the process of using various tools to investigate the gathered information 
for understanding the key characteristics and determining if the study’s proposed 
hypotheses can be supported. The most appropriate measures for this study are content 
analysis involving detailed review of the output from both literature and interviews, and 
empirical analysis of data from the survey instrument. These multi-methods are essential 
for achieving methodological triangulation(Denzin, 1978)(Denzin, 1978)(Denzin, 
1978)(Denzin, 1978)(Denzin, 1978)(Denzin, 1978)(Denzin, 1978)(Denzin, 1978)(Denzin, 
1978)(Denzin, 1978)(Denzin, 1978)(Denzin, 1978). Supporting the multi-method analysis 
approach, Campbell and Fiske (1959) maintained that more than one method should be 
used in the validation process to ensure that any variance is due to the attribute rather 
than the method used. Corroborating this view, Krishnaswamy, Appa and Mathirajan 
(2006, p. 117) affirmed that “the underlying assumption is that the weakness of each 
method can be overcome by the other”. 
5.2.4 Population for the Study  
The target population for this study is e-learning providers for the interviews and e-
learners for the survey. To ensure the saturation of information, interviewees have been 
carefully selected based on their expertise across functional areas in e-learning, including 
strategy and policy, library and learning resource management, technology and media, and 
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teaching. Interviewees are from six universities in Melbourne, Australia, and all 
interviewees have a full awareness of the issues in e-learning. The same protocol has been 
followed for each interview.  
To ensure participation by the right candidates for data collection through the survey 
instrument, an invitation to participate with an online survey link has been sent to many e-
learners via email. These e-learners meet the eligibility criterion of some form of exposure 
to an online learning environment.  
5.2.5 Time Horizon for the Study 
Two types of approaches are suitable for this study: cross-sectional and longitudinal 
approaches. The longitudinal or time-series approach involves gathering information over 
a number of periods. In contrast, a cross-sectional approach involves only gathering 
information once over a specified period. Due to time limitations when conducting this 
study, the cross-sectional approach has been chosen. 
 In this study, both qualitative and quantitative data collected over a specific period has 
been used for fulfilling the main research objective. The interviews were conducted over a 
period of three months, from January to March 2008. The online data collection process 
was carried out over a period of nine months, commencing from 4 August 2008 to 24 April 
2009. 
5.2.6 Data Management for the Study 
Data management in this study refers to data collection, preparation and cleaning of the 
dataset for analysis. In this study, interviews were recorded using a digitised instrument 
for transcription and analysis. After each interview, the digital interviews were transferred 
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and backed up for processing at the analysis stage. The survey data was collected and 
stored in a secure RMIT University server space.  
To prevent errors arising from data collection through survey, specific measures were 
taken to avoid incorrect data entries, invalid entries and missing responses. To avoid 
manual data entry errors, an online data collection procedure with automatic transfer of 
dataset was incorporated. To avoid invalid entries by respondents, validation checks were 
incorporated where they had to choose a value between 1 and 7. To overcome respondents 
missing a question, the online survey was designed to prompt them to fill in all responses 
as shown in Figures 5.1 and 5.2. As a result, there was no discarded data in this study.  
 
Figure 5.1 Missing Response Message Screen 
A number of data checking and data cleaning procedures have been undertaken to ensure 
quality of data before commencing the data analysis phase. Data checking tasks involve 
checking for outliers, missing and invalid responses. Data cleaning tasks involve renaming 
of variables, reordering of variables, recoding of open-ended variables, and adding variable 
and value labels.  
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Figure 5.2 Missed Questions Highlighted as Requiring Entry 
5.2.7 The Research Process  
The research process provides an overall structure to this study. As shown in Figure 5.3, 
the research process involves nine steps: review of literature, development of a theoretical 
framework, conducting of interviews, analysis of transcribed interviews and development 
of a conceptual model, data collection via survey, preliminary data analysis, data analysis 
using the base model, data analysis using the alternative model, and a final comparative 
analysis of results.  
Research Methodology 2011 
 
Page 140 
 
Figure 5. 3 The Research Process 
The first step relates to the identification of the critical success factors through a systematic 
analysis of related literature with respect to the four e-learning ecosystem dimensions. The 
second step focuses on developing a theoretical framework. The third step results in the 
development of preliminary interview questions, pilot-testing the questionnaire with 
domain experts and researchers, and conducting interviews with e-learning providers. The 
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fourth step deals with analysing the interview transcripts and developing a conceptual 
model based on the transcribed interviews. The fifth step entails the development of a 
survey instrument, and pilot-testing and collecting data using this instrument. The sixth 
step consists of conducting preliminary data analysis using the survey dataset. The seventh 
and eighth steps involve analysis of the data collected from the survey using simple (base) 
and complex (alternative) models respectively. The ninth step entails a comparison of 
results from both of the approaches used in this study. 
5.3 Data Collection Methodology 
To increase the reliability and validity of the findings through data triangulation, this study 
uses both qualitative and quantitative data for fulfilling the research objectives. The 
qualitative approach consists of a systematic review of related literature and in-depth 
interviews with e-learning providers. The quantitative approach involves distribution of 
the survey instrument and collection of relevant data from e-learners. 
5.3.1 Qualitative Data Collection 
The qualitative data collection process consists of five phases, as shown in Figure 5.4. The 
first phase requires extraction of the critical success factors from each dimension via a 
thorough and systematic analysis of related literature with respect to pedagogies, 
technologies, learning resources and metadata ontologies. The second phase entails the 
development of preliminary interview questions based on the identified factors from the 
literature. The third phase necessitates pilot-testing of interview questions with domain 
experts and researchers, and continuous revision of these questions based on their 
feedback. To avoid asking inappropriate questions, several revisions were made to ensure 
the interview questions are easy to comprehend. The fourth phase involves conducting 
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interviews and revisiting and revising the questions after each interview. The fifth phase 
consists of the transcription of interviews and modification and incorporation of new 
factors and elements for the follow-up interviews. A detailed account of each method for 
gathering information, namely literature review and interviews, are discussed in the 
following.  
 
Figure 5.4 Phases in Qualitative Data Collection Process 
Literature Review 
The literature review involves searching various databases to develop preliminary 
interview questions. The databases include Blackwell Synergy, IEEE Explore, 
ScienceDirect, Springer Link, Sage Publication, Wiley, Web of Science, Emerald, Proquest, 
Google Scholar, and other e-books and online journals.  
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The keywords for the search strategy include e- learning, online learning or web-based 
learning, e-learning success factors, learning theories, learning models, knowledge 
management, metadata ontologies, active learning, explorative learning, collaborative 
learning, adaptive learning, concept mapping techniques, blended learning, e-learning and 
qualitative research, e-learning and empirical research evaluation, empirical study, 
technology factors, pedagogy factors, management factors, effectiveness, critical factors, 
ontologies factors, metadata factors, LOM mixed methodology, information retrieval, and  
ITS. About 1500 references have been obtained, which shows the popularity of e-learning 
and the importance of the e-learning dimensions and related factors. 
Interviews 
Interviewing is the second method for gathering qualitative information in this study, for 
identifying and evaluating the critical success factors based on stakeholders’ perceptions of 
the dimensions and factors influencing the e-learning effectiveness. The justification for 
using interviews is that it offers opportunities to obtain invaluable insights into the 
complex interrelationships between the four dimensions and stakeholders’ perceptions of 
the factors influencing the e-learning effectiveness.  
The interview has been designed in such a way to gather information on various aspects 
relating to all key dimensions of an e-learning ecosystem. 
The interview questions have been classified into five sections. Section A deals with the 
interviewee’s role, perceptions of e-learning and types of LMS used by the interviewees. 
Section B relates to pedagogical strategies and approaches used or perceived as useful for 
improving the effectiveness of e-learning. Section C investigates the interviewees’ 
perceptions of technologies, learning resources and management activities for enhancing 
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the e-learning effectiveness. Section D focuses on the interviewees’ perceptions of the 
approaches towards effective management of learning resources. Section E consists of the 
interviewees’ perceptions of the critical impact factors in determining the e-learning 
effectiveness. A summary of the interview questions is presented in Table 5.1 (refer to 
Appendix I for a complete listing of the interview questions). 
The selection of the interviewees has been accomplished in three stages. In the first stage, 
prospective candidates are identified by searching the relevant university website and via 
contacts from the faculty members. In the second stage, identified interviewees are 
contacted via email or telephone to determine their willingness to participate. In the third 
stage, voluntary interviewees are contacted to schedule a convenient time and venue to 
conduct the interview.  
A short description of the purpose of the interview and a comprehensive set of interview 
topics are sent to interviewees before meeting with them (refer to Appendix I). The 
interviews comprise of semi-structured and open-ended questions tailored for follow-up 
interviews, and last from thirty minutes to one hour. Each interview is recorded on a 
digital recorder, and interview notes are taken to supplement these digitised interviews.  
A total of 29 interviews have been conducted, out of which 27 are from five Melbourne 
universities, and 2 are representatives from OUA. The OUA provides education at 18 
Australian universities, including RMIT, Swinburne, Monash, Curtin, University of South 
Australia, Griffith and Macquarie. To highlight the dominant role of OUA in Australian 
tertiary education, the number of OUA enrolments in 2009 was 96,620 in undergraduate, 
postgraduate and other courses, compared to 25,083 in 2003 and 73,296 in 2008 (OUA, 
2009). The growth of 32% enrolment in one year is an indication of the importance and 
popularity of OUA in providing tertiary education in Australia. 
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Table 5.1 Summary of Interview Questions 
Section A: General questions on views of e-learning 
• Role in the e-learning environment 
• Perceptions of e-learning 
• Types of LMS in e-learning 
Section B: Perceptions of pedagogical strategies for e-teaching and e-learning 
• Learning strategies used/perceived as useful to enhance e-learning effectiveness 
• Adaptive, collaborative, explorative, concept mapping, blended learning and others 
• Perceptions of approaches for enhancing e-learning effectiveness  
• Provision of multiple learning resources 
• Use of multiple learning strategies 
• Effective management of learning resources 
• Provision of immediate feedback 
• Facilities for revisiting lectures 
Section C: Perceptions of technology and other factors supporting learning 
strategies 
• Approaches used/perceived as useful for supporting each pedagogical strategy 
• Technologies used/perceived as useful for supporting each pedagogical strategy 
• Learning resources used/perceived as useful for supporting each pedagogical 
strategy 
• Management activities used/perceived as useful for supporting each pedagogical 
strategy 
• Other factors supporting each pedagogical strategy 
Section D: Perceptions of approaches for effective management of learning 
resources 
• Activities required for improving the effective management of learning resources 
• Capturing, organisation, authentication, retrieval, distribution, consistent 
presentation and reuse 
• Elements of metadata important for enhancing effective management of learning 
resources 
• Metadata details, such as author, keyword and annotation  
• Content details, such as synonyms, abbreviations and similar concepts  
• Context details, such as type, level and other characteristics of the resource 
• Structure details, such as prerequisite, co-requisite and follow-up requirements 
• Validation details, such as rating, validity status and authenticity status  
• Learning profile details, such as learner background, style of learner and level of 
learner  
Section E Perceived impact on the e-learning effectiveness 
• Retention 
• Learning outcomes 
• Satisfaction 
• Career success 
• Communications  
• Final results  
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The justification for a small sample is based on the view that reasoning is equally as 
important as the numbers, to develop theory ingrained in people’s real-life 
experiences (Decrop, 1999). Nevertheless, this implies that generalisation of 
qualitative results is not feasible. Furthermore, they already have reasonable 
awareness of the issues with e-learning. The same protocol has been followed for each 
interview, and Table 5.2 provides a profile of the interviewees.  
Table 5.2 Overview of Participants' Profiles 
5.3.2 Quantitative Data Collection  
As shown in Figure 5.5, the quantitative data collection process involves four phases: 
formulation of survey instrument; pilot-testing of questions with domain experts, e-
learners and e-learning providers; data collection through an online survey 
instrument; and cleaning and preparation of collected data for analysis.  
The development of the survey instrument is based on the qualitative information 
collected through review of relevant literature and the interviews with e-learning 
providers. The seven latent constructs for the survey instrument are pedagogies, 
technologies, learning resources, management of learning resources, metadata 
ontologies, management effectiveness and e-learning effectiveness. Table 5.3 
University Interviewees Role of interviewees 
University A 10 Policy/decision-making, library information 
management, media division, teaching 
University B 10 Policy/decision-making, teaching 
University C 4 Policy/decision-making, teaching 
University D 2 Policy/decision-making, teaching 
University E 1 Policy/decision-making, teaching 
OUA 2 Policy/decision-making 
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summarises the constructs, including descriptions, sample items and origins of items, 
except for the demographic section (refer to Appendix II for a detailed description). 
 
Figure 5.5 Phases in Quantitative Data Collection 
To assess the contribution of the proposed conceptual model towards the e-learning 
effectiveness, data has been gathered from 210 e-learners from RMIT University via 
an online survey. A 7-point Likert-type scale has been used, where 1=least preferred 
and 7=most preferred. There is no discarded data due to the incorporation of various 
validation procedures.  
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Table 5.3 Summary of Survey Constructs 
5.4 Data Analysis  
This study has used a multi-method approach for data analysis. This involves a 
systematic analysis of the literature on pedagogies, technologies, learning resources, 
metadata ontologies, management of learning resources, management effectiveness 
Construct Description Sample items No. of 
items 
Literature 
sources 
Pedagogies Preferences for 
various teaching 
and learning 
strategies 
Facilities to teach 
and learn through 
discussion with 
peers, and facilities 
to learn by doing  
6 Conole et al., 
2008 ; Serva et 
al., 2004 ; 
Brusilovsky, 
2004 
Technologies Preferences for 
various 
technologies 
supporting e-
learning strategies 
Technologies to 
share and learn 
from peers, and to 
support interactive 
learning 
9 Alavi et al., 
2001 ; Bongey 
et al., 2005 ; 
Chou et al., 
2009 
Learning 
resources 
Preferences for 
various learning 
resources 
supporting e- 
Multimedia 
resources and 
resources from 
discussion forums 
8 Huang et al., 
2006 ; Tzeng et 
al., 2007 ; 
Drago, 2002 
Management 
of learning 
resources 
Preferences for 
various 
management 
factors supporting 
learning resources 
Access to quality 
learning resources, 
and presentation of 
learning resources 
8 May et al., 
2003 ; Yang et 
al., 2006 ; 
Demidova et 
al., 2005 
Metadata 
ontologies 
Preferences for 
metadata 
elements  
Keywords, and 
prerequisite and co-
requisite resources 
16 Gasavic et al., 
2006 ; 
Jovanovic et 
al., 2006 
Management 
effectiveness 
Perceived impact 
on management 
effectiveness 
Accessibility, 
adaptability              
and reusability 
8 Drago et al., 
2002 ; Peltier 
et al., 2007 ; 
Drennen et al., 
2005 
E-learning 
effectiveness 
Perceived impact 
on e-learning 
effectiveness  
Learning outcomes, 
satisfaction and                    
critical thinking 
skills 
7 Tatana et al., 
2002 ; Walker 
et al., 2005 
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and e-learning effectiveness in teaching and learning in the e-learning environment. 
Qualitative interviews have been conducted with e-learning providers. The objectives 
of these interviews are to clarify whether identified factors from the literature are 
grounded for supporting the four e-learning ecosystem dimensions. Quantitative data 
analysis has been accomplished using multivariate descriptive data analysis, bivariate 
correlation, MRA, CFA and SEM. A detailed account of the data analysis methods are 
discussed in the following sections. 
5.4.1 Qualitative Analysis 
The two approaches used for the qualitative analysis are a thorough review and 
analysis of existing literature, and content analysis of transcribed interviews. The first 
analysis approach has resulted in: (1) the formulation of preliminary hypotheses, and 
(2) development of the base model for this study. Although debatable whether 
qualitative research is suitable for hypothesis testing, the purpose of qualitative 
research is not to prove or disprove a hypothesis, but rather to see whether or not a 
hypothesis is possible (Bouma, Atkinson & Dixon, 1995). Therefore, the hypothesis 
formulation in this study is justified, as the main objective is to identify probable 
factors influencing the effectiveness of e-learning.  
The second approach, content analysis of the transcribed interviews, has been 
accomplished by the following: (1) creation of a revised list of factors for each of the 
constructs, (2) identification of factors facilitating and hindering e-learning success, 
(3) development of the e-learning success model which has been used to develop the 
alternative conceptual model for this study, and (4) testing of hypotheses proposed 
from the literature review.  
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5.4.2 Quantitative Data Analysis 
The quantitative data analysis process involves three phases: preliminary 
multivariate analysis, bivariate correlation, MRA, CFA and SEM. A detailed account 
of each of the quantitative data analysis methods is discussed in the following. 
Preliminary Multivariate Analysis 
Preliminary multivariate analysis involves the following: analysing descriptive 
statistical results and testing of assumptions, such as adequacy of sample size, 
normality of dataset, autocorrelation and multicollenearity; and assessing suitability 
of data for factor analysis.  
This preliminary statistical method consists of analysis of demographic data, 
descriptive results on preferences for individual factors by e-learners, and testing of 
assumptions. The first assumption test relates to the adequacy of the sample size, 
with sample size of n=150 or more considered adequate for carrying out both MRA 
and SEM analysis. The second test is whether the dataset has been normally 
distributed. The skewness and kurtosis are the two aspects to test for normality of a 
distribution. The rules of thumb for skewness and kurtosis statistics are that values 
less than 1 indicate normality, values from 1 to 10 indicate moderate non-normality, 
while values greater than 10 indicate a severe lack of normal distribution (Holmes-
Smith, Cunningham & Coote, 2006).  
The third and fourth assumptions tested are the absence of autocorrelation and the 
absence of multicollenearity required for MRA. The Durbin-Watson test statistic has 
been used to check for the absence of autocorrelation between the residuals, with the 
value close to 2 (Field, 2005). Bivariate correlation between factors is  used to test 
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absence of multicollenearity, with a recommended value of less than 0.9. The 
suitability of factor analysis has been tested using the Kaiser-Meyer-Olkin (KMO) 
measure and Bartlett’s test of sphericity (Hair et al., 1998).  
Bivariate Correlation and MRA 
Bivariate correlation has been used based on the summative scales (Hair et al., 2006; 
Nunnally & Bernstein, 1994; Spector, 1992) for examining the strength and direction 
of the relationship between dependent and independent variables (Pallant, 2007). A 
multivariate regression has been used to evaluate: (1) how well a set of independent 
variables predict the dependent variable, (2) which independent variable is the best 
predictor of the dependent variable, and (3) whether a particular predictor variable is 
able to predict the outcome when the effects of other variables are controlled (Pallant, 
2007). The Durbin-Watson test statistic has been used to examine the 
autocorrelation of error terms to ensure the validity of MRA.  
CFA and SEM 
SEM is a technique for testing hypothesised relationships among variables by 
simultaneously estimating a series of separate, still interdependent multiple 
regressions. The use of SEM is considered appropriate for this study due to its 
notable potential for extending the theory development (Gefen, Straub & Boudreau, 
2000) and its capability of simultaneously assessing multiple and interrelated 
dependence relationships. This study has incorporated latent variables representing 
unobserved concepts, which is made possible by using SEM due to its ability to 
include latent variables while accounting for measurement error in the estimation 
process (Hair et al., 1998).  
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This study has used the two-step approach to SEM, namely a measurement model 
and a structural model (Hair et al., 1998). The first step involves estimation of a 
measurement model, and the second step involves estimation of a structural model. 
The measurement model involves conducting CFA for assessing the contribution of 
each indicator variable and for measuring the model’s adequacy. The three stages of 
conducting the measurement model are: (1) the model specification, (2) the iterative 
model modification process, and (3) the estimation of parameters. The iterative 
model modification process requires refinement and retesting of the individual 
measurement model. This results in developing a more parsimonious set of items to 
represent a construct, which is then followed by an estimation of structural model. 
The overall model fitness is evaluated using several measures in the goodness of fit 
(GOF) test, to assess the extent to which the data supports the specified model. 
Various GOF measures used in this study include the likelihood ration chi-square 
(χ2), the ratio of χ2  to degrees of freedom (χ2 /df), the GOF index (GFI), the adjusted 
GOF (AGFI), the root mean square error of approximation (RMSEA), and the Tucker-
Lewis index (TLI). Except for TLI, all the other measures are absolute GOF measures. 
The TLI measure compares the proposed model to the null model.  
A non-significant χ2 (p>0.05) is considered to be a good fit for the χ2 GOF measure. 
However, this does not necessarily mean a model with significant χ2 is deemed to be 
a poor fit. As a result, consideration of the ratio of χ2 to degrees of freedom (χ2 /df) is 
proposed as an additional measure of GOF. A value smaller than 3 is recommended 
for the ratio (χ2 /df) for accepting the model as a good fit (Chin & Todd, 1995).  
The GFI is developed to overcome the limitations of the sample size dependent χ2 
measure GOF (Joreskog & Sorbom, 1993). A GFI value higher than 0.9 is 
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recommended for a good fit. An extension of the GFI is AGFI, adjusted by the ratio of 
degrees of freedom in the proposed model to the degrees of freedom in the null 
model. An AGFI greater than 0.9 is an indicator of a good fit (Segars & Grover, 1993).  
RMSEA measures the mean discrepancy between the population estimates from the 
model and the observed sample values. RMSEA of less than 0.1 indicates a good 
model fit (Hair et al., 1998; Simperl, 2009). A TLI, an incremental fit measure, with a 
value of 0.9 or more indicates a good fit (Hair et al., 1998).  
Based on the above guidelines, problematic items that cause an unacceptable model 
fit have been excluded for developing a more parsimonious model with a reduced 
number of items. Table 5.4 summarises the various GOF measures that have been 
used in this study, including the purpose and threshold level for each measure.  
Table 5.4 GOF Indices and Threshold Values 
In contrast to the measurement model, the structural model contains primarily latent 
exogenous and endogenous variables (unobserved constructs), the paths or direct 
effects (theoretical relationships) between them, and the disturbance terms (for the 
GOF indices Purpose Threshold 
values 
Chi-square (χ2) 
P-Value 
Extent to which the data supports the 
hypothesised model – depends on 
sample size 
P> 0.05 (@ α = 
0.05 level) 
Χ2/DF An additional measure of GOF < 3.0 
GFI  Independent of sample size ≥ 0.9 
AGFI Adjusted by the ratio of degrees of 
freedom between proposed and null 
model 
≥ 0.9 
RMSEA Mean discrepancy between the 
population estimates from the model 
and the observed sample values 
< 0.08 
TLI Relative measure – compares the 
proposed model to the null model 
≥ 0.9 
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unmeasured variables in the model) for these variables. The path coefficient indicates 
the strength and sign of the paths. SEM provides more accurate estimates of the 
causal relationship due to incorporation of measurement errors in the measurement 
models, while the structural model is evaluated using AMOS 4.0 with maximum 
likelihood estimates.  
The criteria used to test the structural model are the overall GOF for explaining the 
variance in the dependent variables, and the significance of the model path 
coefficients. The same set of GOF measures and guidelines used for testing 
measurement models have been used for checking the overall fit of the structural 
model. The structural model’s capacity to explain the variation in dependent variables 
is measured by the squared multiple correlation (SMC) values for each structural 
equation (path) in the model. The significance of the path coefficient is assessed using 
the standard errors and the t-values for each coefficient.  
In addition to the statistical significance of the path coefficients, the strength of the 
relationship plays a role in determining the relationship to be weak, moderate or 
strong. Following Cohen’s (1988) rulings, a cut-off correlation value of less than 0.2 is 
considered to be weak, a correlation value between 0.2 and 0.5 is defined as 
moderate, while a correlation value greater than 0.5 as strong, as shown in Table 5.5. 
Table 5.5 Path Coefficients and Types of Relationship 
Path coefficient value  Strength of relationship 
< 0.2 Weak relation 
>0.2 and < 0.5 Moderate relation 
> 0.5 Strong relation 
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5.5 Reliability and Validity Measures  
This study incorporates various measures to ensure reliability and validity of the 
research findings. Reliability is referred to as “relative absence of haphazard errors of 
measurement“ (Kleven, 2008, p. 13). Validity measures the extent to which the set of 
indicators accurately represents a construct (Hair et al., 1998). The following sections 
cover a detailed account of various measures taken to ensure the reliability and 
validity of the results, from both the qualitative and quantitative approaches. 
5.5.1 Reliability and Validity in the Qualitative Approach 
Several measures have been taken to ensure that the qualitative results are reliable 
and valid. To ensure reliability, this study has adhered to Kleven’s (2008) consistency 
checks for guaranteeing the uniformity of measurements. This means attaining the 
same answer regardless of: (1) the time of data collection, (2) the time of 
interpretation of the gathered information, (3) the environment or ‘other 
phenomenon’ observed during the data collection process, and (4) the disposition of 
the researcher interpreting the gathered information.  
The first consistency check deals with the steadiness of interviewee answers 
irrespective of the time of the interview. To ensure the answers are stable, interviews 
have been conducted at a suitable time for the interviewee, such as during vacation 
and non-teaching time when they have less academic commitments. In order to 
handle the second check and to avoid errors arising from interpretation, recorded 
interviews have been repeatedly reviewed before transcribing the perceptions of 
interviewees. The third check requires the parallel-form reliability, which requires the 
development of many items to measure the same construct. In this study, this has 
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been measured by comparing answers to rephrased questions after each interview. To 
assess this, some of the questions have been repeated by rephrasing them in different 
ways to assess the consistency of the interviewees’ answers. The fourth check deals 
with a consistent interpretation of the interview results by two researchers from 
similar backgrounds. In order to arrive at a consistent interpretation, the answers 
have been clarified with the interviewee wherever there is any ambiguity. Help from a 
co-researcher has also been sought, wherever required, for accurate comprehension 
of the recorded interview. From these checks, it can safely be deduced that the 
reliability of data has been accomplished in this study. 
To ensure validity, this study has used Johnson’s (1997) framework to evaluate its 
methodological strengths and weaknesses, and appropriate steps have then been 
taken to overcome these weaknesses. Specifically, researcher bias and three types of 
validity (descriptive, interpretive and theoretical) have been adhered to during the 
qualitative phase of the study.  
Since the primary research activities in a qualitative approach are “descriptions of 
what is observed and interpreted of participant’s thoughts” (Johnson, 1997, p. 148), it 
is important to check for the validity of these activities. Internal and external validity 
(Maxwell, 1992) have both been applied in this research due to the exploration of the 
cause and effect relationship and the plausible generalisation of the findings.  
Researcher bias could arise from the researcher’s selective observation, recording and 
reporting based on their personal views and perspectives. This study has therefore 
used a ‘reflexivity’ approach through a “critical self-reflection” (Johnson, 1997, p. 
283) process for both developing interview questions and interpreting responses. In 
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doing so, interview questions have been revised several times and question responses 
revisited many times to ensure such bias is absent. 
Descriptive validity refers to the accuracy of reporting descriptive information. One of 
the effective approaches for ensuring descriptive validity is investigator triangulation 
or use of multiple observers to record and transcribe what actually transpired 
(Johnson, 1997). Although the researcher could not use multiple observers due to 
practical implementation difficulties, various steps have been taken to ensure 
accurate transcription of the interviews. As each interview has been digitally 
recorded, it is possible to revisit interview recordings to understand and ensure 
accurate and correct transcriptions. Crosschecking with a co-researcher has been 
carried out wherever there is any difficulty in understanding the recorded  interview.  
Interpretive validity refers to the accurate description of the meaning attached by the 
interviewee’s answers to the questions (Johnson, 1997). It refers to the degree of 
accuracy in presenting the interviewee’s standpoint, body language, thoughts, 
feelings, intentions, etc. Implementation of open-ended interview questions in this 
study has facilitated authentic expression of interviewees’ perspectives on various 
issues, and thereby greater interpretive validity. Further, to strengthen this validity, 
other tactics such as additional notes taken during the interview have been employed 
to represent the interviewees’ accurate personal meanings. The strategy of low 
inference descriptors (Johnson, 1997) or verbatim reports in the form of direction 
quotations has been incorporated into the research findings.  
Theoretical validity refers to enhancing the credibility and defensibility of the 
research through theoretical explanation built from this study. In order to strengthen 
the theoretical validity of this study, a number of steps have been taken, including 
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extended fieldwork, peer review, pattern matching and low inference descriptors 
(Johnson, 1997). Extended fieldwork in this study includes spending several hours 
searching for appropriate interview participants, online investigation of prospective 
interviewees (i.e. their background for suitability), and modification of interview 
questions. Peer review processes include discussion of the research questions and 
interpretation with a co-researcher. Pattern matching is concerned with comparing 
the interview transcripts to assess the accuracy and trustworthiness of overall results.  
Internal validity measures the degree to which a researcher can attribute that a 
relationship between variables is causal (Neuman, 2006). Even though qualitative 
researchers are not concerned about cause and effect relationships, it is informative 
in rationalising and investigating the intricacies of how and why a phenomenon 
operates (Stauss & Corbin, 1998). In this research, two essential strategies (i.e. data 
and method triangulation) have been employed to capture and understand the 
intertwined factors influencing the e-learning effectiveness. The rationale for 
combining different methods is that differences in strengths and weakness of one 
method with “non-overlapping weaknesses and strengths” (Brewer & Hunter, 1989, 
p. 17) of another method improves the quality of data analysis.  
In this study, qualitative method triangulation includes systematic literature review 
and interviews to gather insight into the complexities of various issues. Qualitative 
information triangulation involves multiple interviews and multiple data sources 
using the interview method. This assists in appreciating and understanding the issues 
beyond in-depth study and analysis of literature, and identification of extraneous 
variables and plausible explanations for other confounding variables.  
Research Methodology 2011 
 
Page 159 
External validity deals with generalisability of research results in other settings (Cook 
& Campbell, 1979). Even though generalisation is not a major objective of this 
research, it is important to evaluate this aspect for future research. Johnson (1997) 
suggested the provision of additional details in research reporting to enable readers 
to judge whether the research findings can be generalised. To ensure external 
validity, the details included in this study are: (1) number of interviewees, (2) types of 
interviewees, (3) the selection process of interviewees, (4) contextual information, (5) 
nature of relationship with the interviewee, (6) methods of data collection, and (7) 
data analysis techniques. Overall, several measures have been taken to ensure 
reliability and validity of qualitative findings in this study.  
5.5.2 Reliability and Validity in the Quantitative Approach 
A number of measures have been undertaken to ensure the reliability and validity of 
quantitative findings in this study. The three reliability measures used in this study 
are internal consistency, item reliability and construct reliability (Fornell & Larcker, 
1981; Hair et al., 1998). The two validity measures used in this study are convergent 
and discriminant validity, and the details of each of these measures are explained. 
Three tests for internal consistency and reliability measures used in this study include 
Cronbach’s alpha coefficients, inter-item correlation and item-total correlation. All 
three measures are calculated using SPSS for Windows 17.0. The alpha coefficient 
measures the extent to which the multiple indicators for a latent variable belong 
together. A high alpha coefficient shows that the item measure is an underlying latent 
construct. For unidimensional scales, a Cronbach’s alpha value of 0.6 or more is 
considered acceptable (Rong & Grover, 2009). Inter-item correlation measures how 
well the items relate to one another. Item-total correlation measures if any item is not 
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consistent with the rest of the scale and thus can be discarded. Inter-items of 0.5 and 
above, and item-totals of 0.3 and above are considered acceptable values. 
Item reliability is measured using standardised factor loading values. Item reliability 
indicates “the amount of variance in an item due to underlying construct rather than 
to error” (Chau, 1997, p. 324). An item is considered to be reliable if the standardised 
loading value is greater than 0.7 (Chin et al., 1995). However, a value of 0.5 and above 
is still acceptable in e-learning (Johnson & Stevens, 2001).  
The construct reliability has been tested using composite reliability measures, 
assessing the extent to which items in the construct measure the latent concept. A 
commonly acceptable value for composite reliability is 0.7 or more, although values 
below 0.7 are also considered acceptable (Hair et al., 1998). Table 5.6 summarises the 
reliability measures, and the purpose and the threshold in this study. 
Table 5.6 Reliability Measures, Purpose and Threshold Values 
Reliability 
measure 
Purpose Threshold 
value 
Cronbach’s 
alpha 
coefficient 
Internal consistency reliability measure: extent to 
which the multiple indicators for a latent variable 
belong together 
>0.6 
Inter-item 
correlation 
Internal consistency reliability measure: extent to 
which the results are consistent  for different items 
for a construct  
>0.5 
Item-total 
correlation  
Internal consistency reliability measure: extent to 
which the results are consistent  for different items in 
a construct 
>0.3 
Standardised 
factor 
loading 
Item reliability measure: measures the amount of 
variance in an item due to underlying construct 
rather than due to error 
>0.5 
Composite 
reliability  
Construct reliability: assesses the extent to which 
items in the construct measure the latent concept 
>0.5 
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Convergent validity measures the extent to which the items truly represent the 
intended latent construct. Convergent validity is assessed by standardised factor 
loading and composite reliability measures (Hair et al., 1998). Since in e-learning 
environments a standardised factor loading of 0.5 and above is considered acceptable 
(Johnson et al., 2001), a cut-off value of 0.6 and above is considered acceptable in 
this study. For composite reliability, a threshold value of 0.5 has been set for testing 
the convergent validity. Table 5.7 provides a summary of validity measures, purpose 
and the threshold values used in this study. 
Table 5.7 Validity Measures, Purpose and Threshold Values 
Validity measures Purpose Threshold value 
Convergent 
validity  
Measures the extent to which the 
items truly represent the intended 
latent construct 
High 
Standardised 
factor loading 
Convergent validity measure: 
measures the amount of variance 
in an item due to underlying 
construct rather than due to error 
>0.5 
Composite 
reliability 
Convergent validity measure: 
assesses the extent to which items 
in the construct measure the latent 
concept 
>0.5 
Discriminant 
validity 
Measures the extent to which the 
conceptually similar constructs are 
distinct 
Low 
Correlation 
between construct 
Discriminant validity measure: 
measures the amount of variance 
in an item due to underlying 
construct rather than due to error 
<0.9 
AVE AVE represents the overall amount 
of variance in the indicators 
accounted for in the latent 
construct 
SQRT(AVE)>R between 
constructs 
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Discriminant validity measures the extent to which the conceptually similar 
constructs are distinct. Discriminant validity is examined by comparing the 
correlation between the construct and the square root of average variance extract 
(AVE). High correlation between the latent construct indicates that the constructs are 
identical or that the items are overlapping between the constructs. Correlation values 
below 0.9 are considered acceptable to make sure the similar constructs are distinct. 
AVE represents the overall amount of variance in the indicators accounted for by the 
latent construct. The square root of AVE should be greater than the correlation 
between the construct for satisfactory discriminant validity (Bhattacherjee & 
Premkumar, 2004; Wixom & Todd, 2005).  
5.6 Concluding Remarks 
The main objective of this chapter is to answer the two crucial research methodology 
questions: what methods are used and what is the justification for choosing them. To 
fulfill this objective, this chapter first presents the research design that provides the 
rationale for a series of decisions made when answering these research questions. It 
then provides a detailed description of the data collection, data analysis methods, and 
reliability and validity measures incorporated to ensure the quality of this study.  
The study’s research design covers various decisions relating to choice of methods, 
such as an appropriate research paradigm, data collection and analysis methods, 
choice of sample population, time horizon, data management, and the general 
research process. The positivist paradigm is deemed as most appropriate for 
answering the research methodology for this study. With respect to data collection 
methods, literature review, interviews and survey methods have been considered 
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most relevant. Similarly, multi-method analysis consisting of qualitative interview 
collection and quantitative survey data are used, providing triangulation in the study.  
The target population chosen for this study includes both e-learning providers and e-
learners. Cross-sectional data collection over a designated period has been chosen as 
most applicable to this study. Efforts have been taken to ensure validity and 
reliability of information gathered from both qualitative and quantitative approaches. 
A number of sequential research processes have also been developed to fulfill the 
main objective of this study.  
The qualitative data collection includes extraction of the critical factors from the 
literature review, development of preliminary questions, pilot-testing of questions, 
conducting interviews, and revisiting and revising the questions after each interview. 
The quantitative data collection process involves formulation of a survey instrument, 
pilot-testing of questions, online data collection, and data preparation for analysis. 
The qualitative analysis for this study includes a thorough analysis of existing 
literature, as well as content analysis of transcribed interviews. The quantitative data 
collection process involves preliminary multivariate analysis, bivariate correlation, 
stepwise MRA, CFA and SEM. A number of reliability and validity measures have 
been undertaken to ensure results obtained via the mixed method approach used in 
this study are both valid and reliable.  
  
Chapter 6 
Qualitative Analysis and Findings 
”A single conversation with a wise man is better than 10 years of study.” 
Chinese Proverb 
 
6.1 Introduction 
This study is concerned with gaining a better understanding of the intertwined 
critical factors for influencing the e-learning effectiveness. The first step towards 
meeting this objective is provided in Chapter 4 by building a theoretical framework 
for this study and identifying multiple constructs and a number of items to measure 
each of those constructs. The second step is achieved in Chapter 5 by describing 
various methodological choices. Specifically, the methodology in Chapter 5 describes 
the two approaches chosen for qualitative analysis in this study: analysis of existing 
literature and content analysis of transcribed interviews. The third step is to report 
the findings from the qualitative analysis of literature and interview transcripts. 
Consequently, this Chapter 6 reports the findings of qualitative analysis, and thus 
provides preliminary answers to the subsidiary research questions listed in Chapter 4. 
The qualitative findings in this chapter are arranged into four sections. Section 6.2 
covers the findings from the analysis of literature. Section 6.3 presents the findings 
from the analysis of interview transcripts, on which an e-learning success model is 
developed. Finally, section 6.4 presents the concluding remarks for this chapter. 
6.2 Base Model Development 
The literature review in Chapter 3 reveals four interrelated dimensions and multiple 
factors within each dimension that influence the e-learning effectiveness. Extending 
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on these dimensions, Chapter 4 identifies an additional number of constructs, 
followed by a number of specific factors for measuring these constructs. Building on 
these constructs and factors from previous chapters, this analysis of the literature 
identifies the linkages between the constructs, resulting in the development of a base 
model for representing these linkages in the form of a hypothesis.  
6.2.1 Linkages between the Constructs 
One of the crucial aspects that has emerged from the literature review is that 
pedagogies, technologies, learning resources, management of learning resources, 
metadata ontologies and management effectiveness are mutually interdependent, and 
their seamless integration is vital for a sustainable e-learning environment. Effective 
pedagogical strategies without the support from the other constructs have no 
advantage in e-learning. Similarly, appropriate technologies, learning resources, 
metadata ontologies, management effectiveness and management of learning 
resources have little value in e-learning without an understanding of the pedagogical 
principles behind them. Equally important is the integration of pedagogical 
specifications and technological requirements for effectively managing LOs 
The importance of aligning pedagogies with technologies, learning resources and 
management of learning resources has been well recognised in the literature. For 
instance, a lack of understanding of pedagogical principles behind e-learning 
technologies is acknowledged as one of the greatest stumbling blocks for sustainable 
e-learning (Andrade et al., 2008). In addition, an under-utilisation of these e-
learning technologies has been identified as a major drawback due to a serious 
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disparity between available features and a lack of pedagogical explanations behind 
these technologies, such as LMS (Govindasamy, 2001).  
To address these issues, Lakkala et al. (2005) examined pedagogical designs in a 
collaborative learning environment. Wilson (2000) and Chen et al. (2005) 
acknowledged the role of technologies for influencing the personality traits enhancing 
the performance of e-learners. Brusilovsky and Maybury (2002) and Nejdl et al. 
(2004) recommended the use of adaptive learning portals with personalised e-
learning solutions. Huang and Mille (2006) proposed a semantic e-learning 
framework to integrate personalised learning support with semantic information 
processing. Andrade et al. (2008) emphasised applying Kipling’s (2002) idea of “six 
honest serving-men principles” (i.e. what, why, when, how, where and who) as 
building blocks in developing e-learning applications to explicitly support 
pedagogical designs. Vovides et al. (2007) suggested a meta-cognitive e-learning 
approach for stimulating an e-learning application to scaffold learner-centred 
activities. In summary, the criticality of effectively integrating pedagogies with 
associated technologies has been regularly acknowledged for sustainable e-learning.  
It is equally imperative that the management of learning resources and metadata 
ontologies are aligned with pedagogical specifications and technology requirements. 
Pertaining to this, the widely used LMSs lack an appropriate integration of 
technologies for supporting an effective management of learning resources through 
metadata tagging. Even the most popular standards, such as IEEE LOM, are confined 
to a simple structure without taking into account the relationship between concepts 
or pedagogy-specific items to fulfill the semantic web vision (Huang et al., 2006). To 
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deal with these pedagogical concerns, the EML developed by the Open University of 
Netherlands incorporates a pedagogical meta-model for including various didactical 
learning approaches (Hummel et al., 2004). Likewise, Jovanovic et al. (2006), 
Stojanovic (2005), and Gasevic and Hatala (2006) suggested the use of ontology-
based items for describing learning resources. These developments, however, have 
various limitations for effectively managing learning resources and metadata 
ontologies. 
There are many challenges in regards to the creation of metadata ontologies and 
RLOR. For example, a phenomenal amount of time and effort is required to create, 
update and maintain RLOR incorporating metadata ontologies and LOs. There is 
always a trade-off between a comprehensive coverage of metadata ontologies to 
describe LOs and a successful management of sustainable LOR. Sustainable LOR 
necessitate a simple but limited coverage of metadata ontologies for describing a LO. 
As a result, identifying a minimum number of critical metadata ontologies for 
describing LOs is essential. Furthermore, existing standards have a limited direct 
applicability in pedagogy-specific metadata ontologies when describing LOs, and 
different metadata ontologies are required for defining different types of learning 
resources from various pedagogical strategies.  
In essence, the synergy between each of the key constructs is vital for the overall e-
learning success. Incorporating these linkages, a base model has been developed in 
this study for evaluating these relationships between the latent constructs, which is 
discussed in the following section. 
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6.2.2 A Base Model and Hypothesis for the Study 
The base model represents the linkage between the six latent constructs and the e-
learning effectiveness. This is represented by six respective hypothesised 
relationships that influence the e-learning effectiveness.  
A review of the literature shows a positive influence of the identified constructs on 
enhancing the e-learning effectiveness. Numerous studies have found that 
incorporating appropriate multiple pedagogies is more likely to enhance the 
knowledge transfer in a higher educational e-learning environment (Arbaugh, 2000; 
Arbaugh et al., 2006; Bernard et al., 2004; Klobas & Haddow, 2000; Maki et al., 
2000; Marks et al., 2005; Swan, 2001; Walker et al., 2005). Walker and Fraser 
(2005), for example, reported a positive association between learner enjoyment and 
multiple e-learning scales, such as teacher  support, active learning, and learner 
interaction and collaboration. Swan (2001) suggested that factors such as interaction 
with teachers, active discussions, and clarity of design positively influence perceived 
learning. Similarly, Arbaugh (2000) established that reducing the social distance in 
e-learning is a key factor for enhancing the performance and satisfaction in the e-
learning environment. Maki et al. (2000) highlighted the social interaction with 
online tutoring as a key predictor of learning and satisfaction with learning, while 
Marks, Sibley and Arbaugh (2005) ascertained that teacher-learner interaction is the 
most important predictor of effective e-learning. Bernard et al. (2004) found that the 
combination of pedagogical features promoting social interaction has a considerable 
impact on achievement outcomes. Confirming this, Klobas (2000) found a positive 
association between collaborative learning (learner-learner interaction) activities and 
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perceived learning both by learners and teachers. Based on these findings, the first 
hypothesis proposed is as follows: 
H1: An appropriate adoption of pedagogies positively influences the e-
learning effectiveness.  
The positive influence of adopting appropriate technologies for enhancing the e-
learning effectiveness has been recognised as central to e-learning success. Several 
researchers have recommended an adequate use of technologies to support individual 
pedagogies and enhance the e-learning effectiveness (Chandra & Lloyd, 2008; Conole 
et al., 2004; Govindasamy, 2001; Kim et al., 2007; Kopper et al., 2005; McGill et al., 
2009; Miah, 2004). For instance, effectively transforming the pure web-based 
content delivery to learner-centered interactive e-learning with supporting 
technologies has been proposed for developing sustainable e-learning (Govindasamy, 
2001; Kopper et al., 2005). Likewise, promoting an appropriate use of technologies to 
support pedagogies is advocated for attaining better learning outcomes (Chandra et 
al., 2008; Kim et al., 2007; Miah, 2004). The importance of a rich and technology-
enhanced environment has been highlighted for augmenting learners’ active 
participation (Conole et al., 2008). These factors include the use of technologies to 
search, structure, organise, and manage learning resources, and to personalise 
technologies to suit their needs. McGill and Klobas (2009) supported the criticality of 
the task-technology fit for the use and success of LMS in higher education. 
Accordingly, the second hypothesis proposed is as follows:  
H2: Proactive use of technologies supporting pedagogies positively influences 
the e-learning effectiveness.  
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Together with technologies, multiple learning resources are equally important in 
enhancing the e-learning effectiveness. A number of learning resources have been 
recommended for improving e-learning effectiveness (Aldridge, Dorman & Fraser, 
2004; Arbaugh, 2000; Berge, 2002; Brusilovsky et al., 2002; Dicheva et al., 2005; 
Drago et al., 2002; Irfan & Uddin-Shaikh, 2008). For instance, a positive association 
between the use of interactive e-learning resources and the learner satisfaction has 
been confirmed for enhancing the e-learning effectiveness (Arbaugh, 2000). The 
importance of active, interactive and reflective learning resources have also been 
noted for promoting learner-centred environments (Berge, 2002). Adaptive learning 
resources are recommended to enhance the quality and availability of adaptive 
learning resources, thus enhancing the e-learning effectiveness (Irfan et al., 2008) 
Similarly, the reusability of courseware and adaptive e-learning techniques has been 
recommended for enhancing the e-learning effectiveness (Brusilovsky et al., 2002). 
Likewise, explorative learning resources (Drago et al., 2002) and concept mapping 
resources (Dicheva et al., 2005) have been identified for enhancing the e-learning 
effectiveness. Accordingly, the third hypothesis proposed is as follows:  
H3: Multiple learning resources supporting pedagogies positively influence 
the e-learning effectiveness. 
Management of learning resources is imperative for e-learning to overcome problems 
relating to information overload, by filtering relevant and reusable learning resources 
(Demidova et al., 2005). A number of factors for measuring the management of 
learning resources, such as capture, elicit, organise, retrieve, authenticate and reuse, 
have been recommended as positively influencing the e-learning effectiveness 
Qualitative Analysis and Findings 2011 
 
Page 171 
(Bonastre et al., 2005; Collis et al., 2002; Erosa & Arroyo, 2007). For instance, 
learner interface has been identified as the most important dimension in using an e-
learning application (Shee & Wang, 2008). In line with this, Morville (2005) 
recommended an effective organisation and structuring of educational information to 
enable learners to retrieve, synthesise and exchange information. Shaw (2010) 
established that knowledge maps would be more effective at improving the 
performance and satisfaction of e-learning. Accordingly, the fourth hypothesis 
proposed is as follows:  
H4: Effective management of learning resources positively influences the e-
learning effectiveness. 
One of the key components facilitating the reusability of tacit and explicit knowledge 
generated from various pedagogies and technologies for enhancement of the e-
learning effectiveness is metadata ontologies (Dicheva, 2008; Richards et al., 2007). 
In particular, using metadata to describe learning resources, to in turn effectively 
manage learning resources, is considered vital for facilitating reusability (Hatem et 
al., 2005; Winne et al., 2006; Yang et al., 2006). Likewise, various metadata 
ontologies describing the characteristics of LOs have been recommended to enhance 
effective retrieval, by adapting standards such as Dublin Core and IEEE LOM. 
Similarly, an ontology mapping framework has been suggested to augment search 
results in an e-learning context (Gasevic et al., 2006). Moreover, a personalised 
delivery of learning resources to enhance the e-learning effectiveness has been 
recommended (Marshall & Shipman, 2003; Rokou, 2004; Stojanovic et al., 2001). 
Accordingly, the fifth hypothesis proposed is as follows:  
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H5: Effective use of metadata ontologies positively influences the e-learning 
effectiveness.  
Management effectiveness is equally critical in improving the e-learning 
effectiveness. The literature has exposed a number of factors for measuring 
management effectiveness: availability, accessibility, relevancy, quality and 
reusability of learning resources. In order to improve the availability, accessibility 
and reusability of learning resources, implementation of hierarchical file structure, 
metadata, indexing and organisation have been recommended (George et al., 2009). 
Similarly, a positive relationship between use of topic mapping and effective retrieval 
of learning resources due to high recall, high precision returns has been recognised 
(Shaw et al., 2004). Exploiting semantic web technologies has also been suggested for 
enhancing the relevance, quality and reusability of learning resources in an e-learning 
context (Sridharan, Martin & Deng, 2007). The sixth hypothesis proposed is as 
follows: 
H6: Management effectiveness supporting learning resources positively 
influences the e-learning effectiveness.  
From the above discussion on the constructs, a base model is represented in Figure 
6.1. This model defines the relationships between pedagogies, technologies, metadata 
ontologies, management of learning resources and management effectiveness on the 
e-learning effectiveness. In brief, six relationships representing the six hypotheses 
noted above are shown in the base model.  
Qualitative Analysis and Findings 2011 
 
Page 173 
 
Figure 6.1 The Base Model and the Linkage between Constructs 
Table 6.1 summarises the relationship between each of the independent latent 
constructs and the corresponding dependent latent construct, as shown in Figure 6.1. 
The independent latent constructs are represented in blue shaded boxes and the 
depended latent constructs in the green shaded boxes. This model is evaluated 
further based on the interview results in the next section, and then further evaluated 
in Chapter 8 using the survey data that provides the method triangulation.  
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Table 6.1 Summary of Relationship between Constructs 
6.3 Qualitative Analysis 
The second qualitative approach used in this study is content analysis of the 
transcribed interviews. This section presents the results from the interview 
transcripts based on the perspectives of e-learning providers for enhancing the e-
learning effectiveness. More specifically, this section aims at accomplishing:extension 
of the comprehensive account of the factors identified from pedagogical, 
Relationship 
from 
Relationship 
to 
Hypothesis References 
Pedagogies E-learning 
effectiveness  
H1 (Arbaugh, 2000; Arbaugh et al., 
2006; Bernard et al., 2004; Klobas 
et al., 2000; Maki et al., 2000; 
Marks et al., 2005; Swan, 2001; 
Walker et al., 2005) 
Technologies  E-learning 
effectiveness  
H2 (Chandra et al., 2008; Conole et 
al., 2004; Govindasamy, 2001; 
Kim et al., 2007; Kopper et al., 
2005; McGill et al., 2009; Miah, 
2004) 
Learning 
resources  
E-learning 
effectiveness  
H3 (Aldridge et al., 2004; Arbaugh, 
2000; Berge, 2002; Brusilovsky et 
al., 2002; Dicheva et al., 2005; 
Drago et al., 2002; Irfan et al., 
2008) 
Management 
of learning 
resources  
E-learning 
effectiveness  
H4 (Bonastre et al., 2005; Collis et al., 
2002; Erosa et al., 2007; Morville, 
2005; Shaw, 2010; Shee et al., 
2008) 
Metadata 
ontologies  
E-learning 
effectiveness  
H5 (Dicheva, 2008; Gasevic et al., 
2006; Hatem et al., 2005; 
Marshall et al., 2003; Richards et 
al., 2007; Rokou, 2004; Stojanovic 
et al., 2001; Winne et al., 2006; 
Yang et al., 2006) 
Management 
effectiveness 
E-learning 
effectiveness 
H6 (George et al., 2009; Shaw et al., 
2004) 
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technological, learning resources and management perspectives, and addition of 
management effectiveness and the e-learning effectiveness constructs and associated 
factors;  
• analysis of the interviews for identifying the interviewees’ perceptions of the 
dimensions contributing to and hindering the e-learning effectiveness;  
• development of an e-learning success model through incorporating the 
complex association between the identified constructs and e-learning 
effectiveness; and  
• analysis of the interview transcripts for evaluating the base model hypothesis 
and thus answering the research subsidiary questions for this study. 
6.3.1 Extension of Impact Dimensions and Factors 
An iterative process of literature review and an analysis of the interview transcripts 
has resulted in an extension of the number of factors for the four e-learning 
ecosystem dimensions. This has resulted in an extension of the total number of 
factors for this study, from 38 to 62 factors. The variable name representing each 
factor is included in the second column in Table 6.2. The type of extension of factors 
within each dimension is also included in the last column in Table 6.2: new factors 
are represented by ##, old factors by **, and old factors that are split into multiple 
factors by @@. This extension has resulted in the retaining of the same number of 
factors identified in Chapter 4 for pedagogies, management effectiveness and e-
learning effectiveness, while the adding, expanding and retaining of factors has 
occurred across the other four constructs. Specifically, it has resulted in adding three 
new factors for technologies, one new factor for learning resources, two new factors 
Qualitative Analysis and Findings 2011 
 
Page 176 
for management of learning resources, and four new factors for metadata ontologies. 
In addition, one existing factor from learning resources is expanded into two for 
learning resources, and three existing factors from metadata ontologies is expanded 
into twelve factors representing existing metadata ontologies and two new ontologies, 
namely validation and learner profile ontologies.  
6.3.2 Analysis of Interview Results 
An analysis of the interview transcripts provides valuable insights into various 
teaching and learning dynamics in the e-learning environment. In particular, the 
perceptions of e-learning providers based on the analysis of the interview transcripts 
is classified into: (1) general issues; (2) the role of pedagogies, learning resources and 
technologies; (3) barriers to integrating pedagogies, technologies and learning 
resources; and (4) roles and challenges relating to management of learning resources 
and metadata ontologies. 
General Issues 
A number of general issues have emerged from the interview findings. Specifically, 
these issues that influence the effectiveness of e-learning are grouped into three 
categories: (1) having a personal touch with learners, (2) providing prompt feedback, 
and (3) using technologies to motivate learning.  
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Table 6.2 List of Factors with Changes  
Factor 
no. 
Item Factor description Change 
1 P1 Facilities to learn by discussing with peers (e.g. group project) ** 
2 P2 Facilities to learn by doing (e.g. problem-solving, answering questions) ** 
3 P3 Use of course-related external learning resources  to discover additional knowledge (useful links, 
additional readings) 
** 
4 P4 Facilities to access resources to match learning styles and levels  ** 
5 P5 Diagrammatic view of the course-related concepts to enable comprehension (mind mapping) ** 
6 P6 Combination of online learning with face-to-face learning components  ** 
7 T1 Technologies supporting management of learning resources (e.g. Blackboard, WebCT) ## 
8 T2 Search technologies within the course website supporting fast access to required learning resources ## 
9 T3 Technologies to share and learn from peers (e.g. email, chat, discussion forums, blogs, del.ici.ous) ** 
10 T4 Audio/video-based lectures with participation facilities (e.g. Lectopia, Elluminate Live) ** 
11 T5 Technologies to enable learning by doing (e.g. online quizzes, Second Life, game-based learning, 
problem-based learning)   
** 
12 T6 Retrieval technologies to find relevant external learning resources (e.g. Google Search, Wikipedia) ** 
13 T7 Technologies to match the requirements of learners in terms of styles, preferences and levels (e.g. ITS)  ** 
14 T8 Technologies constructing mental models of topics and associated concepts (e.g. mind 
mapping/concept mapping tools) 
** 
15 T9 Technologies supporting notification of any posting on the course website (e.g. email,  RSS feeds)   ## 
16 LR1 Online audio/video-based lectures (e.g. podcasting, screencasting) synchronised with lecture slides ** 
17 LR2 Resources generated from discussions (e.g. FAQ, common misconceptions, difficult concepts) ** 
18 LR3 Authenticated relevant external learning resources (e.g. Wikipedia, open courseware, simulation 
exercises) 
** 
19 LR4 Referring to resources to match learning level (e.g. basic, intermediary, advanced resources)  @@ 
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Factor 
no. 
Item Factor description Change 
20 LR5 Referring to resources to match styles (e.g. visual, auditory, hands-on) @@ 
21 LR6 Referring to resources to overcome computer technical constraints (e.g. provide audio and text 
transcription for learners with bandwidth/software restrictions) 
## 
22 LR7 Interactive learning resources (e.g. multimedia resources, quizzes, problems, simulations)   ** 
23 LR8 Diagram-based resources representing relationships between concepts in a course (e.g. concept 
mapping, mind mapping) 
** 
24 M1 Access to all course-related learning resources on the course website ** 
25 M2 Access to quality external resources (e.g. context specificity, relevancy, quality, accessibility of learning 
resources ) 
** 
26 M3 Indexed learning resources for fast access to resources ** 
27 M4 Presentation of course resources with consistent design for easy location  ** 
28 M5 Distribution of resources through multiple means (e.g. email, post, uploading from course website)  @@ 
29 M6 Sharing of learning resources with peers @@ 
30 M7 Facilities to enable easy and fast retrieval of resources on a course website ** 
31 M8 Reuse of materials for next level of learning activity @@ 
32 MO1 Use of keywords  @@ 
33 MO2 Use of author name @@ 
34 MO3 Use of summary of a learning resource (document or internet link) for judging the relevance @@ 
35 MO4 Use of acronym (e.g. USA for United States of America) @@ 
36 MO5 Use of abbreviation (e.g. ER for entity relationship) @@ 
37 MO6 Use of type of resources (e.g. audio, video, PDF) @@ 
38 MO7 Use of level of resources (e.g. basic, intermediate, advanced) @@ 
39 MO8 Time duration of the resource (e.g. video, audio)  @@ 
40 MO9 Characteristic of the resource (e.g. definition, meaning, test, discussion) @@ 
41 MO10 Prerequisite resources for understanding a given resource (e.g. basic maths knowledge a prerequisite @@ 
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Factor 
no. 
Item Factor description Change 
for learning algebra) 
42 MO11 A co-requisite for understanding a given resource (e.g. understanding algebraic notations to solve 
algebra equations)  
@@ 
43 MO12 Follow-up resources to advance learning (e.g. non-linear equations to follow linear equations) @@ 
44 MO13 Authenticity of the resource (e.g. from reputable source/university) ## 
45 MO14 Frequency of use of these resources by other learners ## 
46 MO15 Accessibility of the link (i.e. HTML page not found error)  ## 
47 MO16 Suitability of the resource for learning styles (e.g. auditory, visual, hands-on) ## 
48 ME1 Availability of learning resources  ** 
49 ME2 Easy and fast access to learning resources (within two to three clicks) ** 
50 ME3 Access to quality learning resources (save time on searching to spend time on learning) ** 
51 ME4 Access to relevant learning resources (i.e. avoid information overload) ** 
52 ME5 Access to course-specific learning resources  ** 
53 ME6 Access to learning resources to adapt to individuals’ requirements ** 
54 ME7 Saving time/effort in searching for resources ** 
55 ME8 Reusability of learning resources ** 
56 ELE1 Achievability with respect to course learning outcomes ** 
57 ELE2 Achievability with respect to final grades ** 
58 ELE3 Satisfaction from knowledge acquisition ** 
59 ELE4 Likelihood of finding a prospective career  ** 
60 ELE5 Stimulating experience from use of multiple learning methods   ** 
61 ELE6 Acquisition of critical thinking skills from multiple learning resources  ** 
62 ELE7 Acquisition of communication skills through learner-centred methods ** 
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On the issue of having a personal touch with learners, these findings show that 
innovative ways need to be used to overcome a lack of sense of belonging among e-
learners. A number of initiatives that are already implemented to address this issue 
are: making personal calls, one-to-one email communication, and personalised 
written and audio feedback to learners. In this direction, one of the interviewees has 
recommended “using retired and disabled people to co-work with the learners 
through the entire passage, as adhered by Athabasca University, Canada”. The kind of 
support provided in the above initiatives includes reminding them about 
assignments, calling the learner to check how things are, providing information about 
who to contact for computer troubles, and counselling in difficult personal times. The 
other relevant initiative involves allowing e-learners’ attendance at lectures, group 
discussions and tutorials.  
The importance of providing detailed feedback as quickly as possible is widely 
acknowledged for improving the motivation of learners. For instance, in order to 
fulfill this objective, OUA has implemented two key projects for improving learner 
retention and learning outcomes: SMARTHINKING and online writing laboratories. 
In the SMARTHINKING project, ‘e-structors’ are available 24/7 to answer learners’ 
questions. During the initial trial period, learners enrolled in the core subjects are 
given two hours of free use of the SMARTHINKING system, with the facility to buy 
more time as required. This project is thought to be cost-effective compared to hiring 
course tutors, from the perceptions of an OUA interviewee. With respect to online 
writing laboratories, the learners can upload an assignment for feedback within 24 
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hours. Since the implementation of online writing laboratories, a substantial 
improvement in retention rates, learning outcomes and pass rates has been observed.  
Other relevant initiatives include speedy provision of written, audio, online and 
personal feedback to sustain the learner’s interest in the course. On the one hand, 
these support services and instant feedbacks are a great boon to learners having 
difficulties, because they can access these facilities at any time of the day. 
Furthermore, providing such support to teachers immensely helps them manage their 
time more effectively in teaching and creating valuable learning resources to improve 
the effectiveness of e-learning. Such support also boosts the research output of 
teachers. On the other hand, however, these services are unavailable to those learners 
who cannot afford to pay for them, which means these learners are at a disadvantage. 
In addition, these services can hinder the advancement of learners’ independent 
problem-solving and thinking skills. Therefore, it is necessary to provide a balanced 
support service for fostering learner-centred activities.  
In regards to the use of technology for motivating learners in their knowledge 
acquisition process, almost all interviewees mention using ITS, online quizzing 
systems, multimedia LOs, and technologies supporting interactive, collaborative and 
adaptive learning environments. Accordingly, the interview findings generally 
provide support for the hypothesis (H2) that a proactive use of technologies 
supporting pedagogies positively influences the e-learning effectiveness. 
The Role of Pedagogies, Technologies and Learning Resources  
The interview findings substantiate the literature on the perceived effectiveness of 
multiple pedagogical approaches for enhancing the e-learning effectiveness. A 
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detailed account of interviewees’ outlooks on various factors for supporting 
individual pedagogies (e.g. interactive, collaborative, adaptive, concept mapping, 
explorative and blended learning) and technologies are discussed below. Overall, the 
interview findings provide clear support for three out of the six proposed hypotheses, 
even though there are practical difficulties in implementing various strategies and 
associated factors for enhancing the e-learning effectiveness.  
With respect to interactive teaching and learning, interviewees acknowledge the need 
for learning progression from understanding to comprehension, leading to the ability 
to apply that learning in the real world, as a representation of effective e-learning. To 
achieve this objective, interviewees emphasise the need for incorporating various 
interactive teaching and learning approaches, such as simulated, case-based, game-
based, problem-based and scenario-based learning. Interviewees also acknowledge 
the importance of using associated learning resources and technologies supporting 
interactive teaching and learning for enhancing the e-learning effectiveness. 
As an ideal example of supporting the interactive approach, one of the interviewees 
has mentioned the use of a standalone testing system called ’online assessment 
statistics workbook‘. Evidently, this system greatly reduces the teacher’s marking 
time. It also helps to promote conceptual learning around particular statistical ideas, 
which are often difficult to understand. The interviewee expresses this as a “big 
breakthrough, with a series of tasks for the learners to carry out in statistics”. In 
particular, each learner obtains different datasets from a large databank, and the 
learners are then expected to carry out a series of six different tasks through the 
whole semester. The system gives instantaneous feedback on “what they get right and 
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what they get wrong, with correct answers and marks they get”, adding more interest 
to learning. In this case, incorporating a marking management sub-system helps 
reduce the administration load of teachers. Furthermore, the system enables 
downloading of aggregated results by the teacher to “reflect on teaching practices”.  
In regard to collaborative learning, there is unanimity among the interviewees in 
acknowledging Vygotsky’s (1978) concept of learning as a social activity. An extensive 
use of some form of collaborative strategies and technologies by all of the universities 
within and outside LMS has been identified in the interviews. However, a lot of 
variations are observed within this collaborative learning, ranging from an 
unmoderated collaborative forum to assessment-based discussions. An obvious 
consensus among the interviewees has emerged with respect to enhancing the 
effective use of the collaborative learning technologies through: (1) a clear 
understanding of the pedagogical theory behind collaborative technologies, (2) 
proactive participation of teachers in effective use of collaborative modes of learning, 
and (3) a clear understanding of the functionalities of collaborative technologies to 
exploit the full potential of collaborative learning.  
Corroborating the literature review, enhancing the e-learning effectiveness by 
adapting learning resources and pedagogies to suit individual learner’s levels, styles 
and preferences is vital. Even though most interviewees appreciate the potential of 
adaptive learning, only a few actually use it. In line with this, the use of a quizzing 
system catering to different levels of learners based on the learner’s level has been 
mentioned. Another interviewee notes their university’s initiatives to set up facilities 
to meet the special requirements of disabled learners. In other instances, different 
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forms of learning resources are provided to cater to the demands of learners via 
multi-channel downloading. Notwithstanding these efforts towards an adaptive 
learning strategy, the interviews reveal the general under-utilisation of existing 
adaptive learning approaches and technologies, as very little is practised in reality. 
The qualitative interview findings also concur with the literature review on the 
influence of concept mapping on enhancing the e-learning effectiveness. The majority 
of the interviewees agree about the use of concept mapping as one of the “big strand 
points of e-learning”. This technique, however, is not yet used to its potential. Two 
common reasons cited by the interviewees are a lack of support from LMS used in the 
universities, and the time and effort required to provide such facilities.  
The importance of explorative learning is widely acknowledged, with an extensive 
adoption of explorative learning strategies across all universities. The majority of the 
interviewees indicate that the interviewees provide some forms of additional course-
related learning resources through external links. However, the quality, availability 
and contextual usage of exploratory e-learning resources are left to the judgement of 
individual learners. With respect to the quality and depth of content, a few 
interviewees express that at this level of education, learners should be able to judge 
and prune relevant information as part of the independent learning process. 
Conversely, some of the interviewees feel it is their responsibility to check the quality, 
relevancy and depth of content to avoid a misunderstanding of the concepts. 
Furthermore, the danger of receiving too much information, leading to ‘information 
overload syndrome’, is identified as a drawback of the explorative learning strategy.  
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The move towards blended learning is widely supported wherever applicable across 
the universities, in line with the review of literature. One such move is to provide 
consent to e-learners living in the same location where face-to-face classes are 
conducted to attend lectures, tutorials and group discussions. Similarly, another 
university’s initiative is to provide online lectures through podcasting and Lectopia 
for both face-to-face learners and e-learning learners, to enable learners to revisit the 
lecture to reinforce their knowledge construction process.  
The resultant lack of attendance at lectures, however, has attracted much debate on 
whether to provide online lecture resources. For example, one interviewee points out 
that the reason for today’s net generation learners that stay away from lectures is 
“lectures are becoming more and more boring, and they don’t think they are getting 
value for their time”. To overcome this, one of the interviewee’s suggestions is to 
exploit the available technologies and pedagogies to embrace contextualisation and 
application-oriented teaching and learning. The essential aspect of blended learning 
is that the efforts spent on creating learning resources can benefit both online and 
face-to-face learners. Exploiting these opportunities has been recognised for 
enhancing effectiveness of e-learning. In general, interview findings support the 
hypothesis (H1) that appropriate adoption of pedagogies positively influences the e-
learning effectiveness, and (H3) that multiple learning resources supporting 
pedagogies positively influence the e-learning effectiveness. 
Overall, most interviewees support the view that adopting multiple pedagogical 
strategies can achieve sustainable e-learning success. However, some have stressed 
the importance of one strategy over another for enhancing the effectiveness of e-
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learning. For instance, a few interviewees recognise the importance of incorporating 
appropriate technologies to foster an active learning strategy. Others strongly stress 
the importance of adopting a proactive teacher-moderated, collaborative approach 
for e-learning success. Some believed in radical improvements to the e-learning 
effectiveness by using concept mapping learning resources.  
To some extent, the choice of the critical factors perceived by the interviewees 
depends on the interviewee’s role, the type of courses taught by the interviewees and 
their expertise in using relevant technologies. For instance, more interviewees from 
the learning resource management and content management divisions stress the 
criticality of managing learning resources. In contrast, interviewees from science 
division highlight the importance of using active learning strategies for building a 
strong foundation in higher order learning. Similarly, those from a law-teaching 
faculty emphasise using specific approaches for collaborative learning to transfer 
knowledge. Interviewees from an engineering and technology department highlight 
the use of simulations and game-based learning and virtual learning environments 
for e-learning success. In summary, it is noted that the perceptions of the 
effectiveness of pedagogical strategies and associated technologies and learning 
resources depend on multiple factors, such as the type of course, role of the 
participants, and the expertise and teaching interests of the interviewee.  
Several difficulties, however, have been identified when implementing multiple 
strategies, including the ineffectiveness of LMS for enhancing a learner-centred active 
learning process. In this regard, four out of five universities in this study use 
Blackboard as their course management system for online delivery. Notwithstanding 
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the benefits of commercial LMS in terms of support systems having all components 
in a single package, the interviewees have noted several limitations of LMS. For 
example, LMS are ineffective in catering to the differences in cognitive styles and 
preferences, in encouraging active and interactive learner participation, and in 
encouraging use of concept mapping techniques. Even though LMS support 
collaborative learning, their effectiveness is limited to catering to specific features, 
such as automatic notification of postings and advanced search facilities. To 
circumvent these limitations, many variations of these facets with the objective of 
augmenting the e-learning effectiveness are used within the universities.  
On balance, the opinions of the interviewees are mostly in line with the strategic 
direction of individual universities. There are only slight differences with respect to 
the perceived effectiveness of such policy directions. For instance, a few interviewees 
indicate their opposition towards adopting proprietary solutions for LMS due to the 
limitations of such a policy. Similarly, some others have objected about the move 
towards the content management system, as they feel it is impractical and a waste of 
effort, time and resources.  
Table 6.3 shows an overview of the issues relating to pedagogies, technologies and 
learning resources arising from the interview findings. Factors identified in the 
literature and confirmed during the interviews are represented by the critical factor 
numbers in brackets, cross-referenced from Table 6.1. Newly identified issues and 
barriers are represented using the # symbol. Table 6.3 also includes the perceived 
importance of individual factors based on the perceptions of most interviewees, and 
their actual usage is represented by a * symbol.  
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Table 6.3 Overview of Issues: Literature and Interviews  
Approach
es 
Literature vs. interview findings Identified barriers Perceived 
importance 
Active 
learning 
Acknowledged importance of adopting active learning 
approach (2, 10, 22) 
Lack of wider usage of the strategy in reality (#) 
Ineffectiveness of LMS 
Lack of time and effort requirement 
*** 
Collaborativ
e learning 
Acknowledged and widely used collaborative learning 
approach (1, 10, 22) 
Wider usage, but under-utilisation of the potentials of 
collaborative approach in reality (#) 
Lack of proactive participation by providers (#) 
Lack of understanding of the theory behind the 
technology and the full potentials of the 
technology (#) 
Ineffectiveness of LMS  
**** 
Adaptive 
learning 
Acknowledged the importance of adaptive learning 
approach (4, 11, 13, 19, 20, 21) 
Lack of wider use of this approach in reality (#) 
Lack of technology (LMS) support 
Lack of time and effort requirements 
** 
Explorative 
learning 
Acknowledged and widely used explorative approach 
(3, 12, 18, 25) 
Issues not addressed  are context and relevancy to the 
course, quality of learning resource, and availability of 
learning resource (#) 
Fear of information overload (#) 
Lack of time and effort required for screening, 
authenticating and pruning (#) 
**** 
Concept 
mapping 
Acknowledge the criticality of CM approach (5, 14, 23) 
Lack of wider use of this approach in reality 
Lack of LMS support 
Lack of time and effort requirements 
** 
Blended 
learning  
Acknowledged and widely used in reality (6, 16) 
Lack of interest in posting online lectures (#) 
Lack of attendance at class lectures (#) 
Lack of motivating lectures 
**** 
****Wider acceptance and wider usage;  
***Wider acceptance but limited usage 
**Wider acceptance but very little usage:  
# Identified issue during the interview 
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In essence, this study shows there are various innovative measures in regard to the 
adoption of pedagogies, technologies and learning resources that can be taken for 
improving the overall effectiveness of e-learning. In this context, streamlining these 
efforts is required through mutual collaboration and cooperation between 
universities for enhancing the success of e-learning.  
Barriers to Integration of Pedagogies, Technologies and Learning 
Resources in E-Learning 
The use of technologies to scaffold learner-centred learning is a peripheral enterprise 
that has not yet become a mainstream reality in e-learning. This is due to the lack of 
embracement of technological innovations to support learner-centred learning. This 
is especially relevant among senior teaching staff, resulting from a resistance to 
change and an inability to cope with the demands of the new digital generation of 
learners. To overcome this barricade, the provision of comprehensive training for 
both teachers and learners to proactively embrace innovative technologies is 
suggested in this study, substantiating the literature findings (Drennan et al., 2005; 
Sun et al., 2008; Volery et al., 2000).  
The interview findings demonstrate that the pragmatic enhancement of technology-
integrated pedagogies stipulates a major transformation of the mindsets of teachers. 
The first barrier identified is the use of these technologies without any dedicated 
educational pedagogy. The next barrier identified in the university set-up is teacher’s 
outlook of efficient use of time and effort for personal career prospects. It has 
emerged in this study that teachers would rather spend their spare time and effort 
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producing more research output for career progression, rather than enhancing their 
teaching endeavours where there are no perceived direct tangible benefits.  
Equally important to incorporating technology-enhanced pedagogies is the 
recognition that e-learning is much more than a simple transfer of lecture slides 
online. Highlighting the criticality of effective implementation of e-learning, one 
interviewee has stated:  
My feeling around e-learning for a long time is that we just use e-learning to 
replicate the face-to-face learning. I put the lecture slides up there, I put the 
assignment up there, I put the video up there, and I put the subject outline up 
there. The question has always been what it is doing? I think it is a big mistake 
to replicate face-to-face learning. It has the capacity to do so much more in 
conceptualising learning. The idea of having the capacity to develop the 
learner’s conceptual understanding is really exciting. But I don’t know how 
much is explored across the whole lot of disciplines.  
In line with the above observation, another interviewee maintains: 
The biggest problem with our courses is that our courses are teaching the 
technique but the application aspect is missing as they don’t go into real 
environments. We need educational environments immersing the learners in 
real-life situations to create a successful learner who is capable of facing the 
real world.  
It is felt that in a real-world scenario, learners are not tested for their memory in 
defining a specific term or rote learning, but are tested for their ability to apply their 
knowledge in real-life situations to come up with an appropriate answer. Interviewees 
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strongly believe in the need to provide an interactive virtual learning environment to 
give learners an opportunity to interact with the ’apparatus‘ or ’business world‘ to 
enhance their abilities. In brief, it has transpired that a great deal of effort is required 
to transform the current state to the ideal state of embracing technology-integrated 
pedagogies and management of resources for sustainable e-learning.  
Roles and Challenges to the Management of Learning Resources and 
Metadata Ontologies 
The literature review indicates that management of learning resources, metadata 
ontologies and management effectiveness are necessary for enhancing the e-learning 
effectiveness, by facilitating reusability of resources (Demidova et al., 2005; Yang, 
2008). However, the interview findings show that there is no unanimous support for 
these dimensions in enhancing the e-learning effectiveness. Furthermore, the 
interviewees feel that there is minimal support within LMS for incorporating these 
dimensions to improve the reusability of learning resources. The e-learning resources 
within LMS are neither interoperable nor reusable. The key challenge in creating 
RLOR, as identified in the interviews, involves the reusing and sharing of learning 
resources, copyright issues, and quality and granularity.  
In regard to the reuse of learning resources, the interviews have revealed that the 
knowledge generated within a course environment can neither be transferred to 
RLOR nor reused, unless manual efforts are made to store the generated knowledge 
in various repositories. With respect to sharing the learning resources across the 
teaching community within universities, a few interviewees acknowledge its 
importance but also note the practical difficulties in developing a knowledge and 
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information sharing culture. The main reason for the reluctance to share learning 
resources is due to the issue of ownership. To circumvent this problem, some 
universities have a policy on the ownership of resources, which ensures that learning 
resources created within the university belong to the university. Nevertheless, the 
difficulty in implementing this policy without the voluntary cooperation of the 
learning resource creator is always a challenge. 
Another challenge related to sharing learning resources is that of the copyright 
concern, as confirmed in the literature review (Gilchrist, 2007). Although universities 
have their own online copyright compliance policies to handle this issue, there are 
often difficulties in implementing those policies. To overcome such difficulties, two 
universities that took part in this study are in the process of integrating content 
management systems with LMS, so that once learning resources are uploaded, they 
will remain in the LOR for future reuse. These efforts will solve many of the problems 
associated with the sharing of learning resources. They are expected to enhance the e-
learning effectiveness through the availability of relevant learning resources.  
An equally important challenge identified in the interviews relates to the quality of 
resources, in terms of who is going to validate the resources and associated metadata 
details for version control, which is a massive task. In this regard, version control 
procedures are critical to differentiate between the initial and the revised document, 
such as consistent document naming with version number and date. Granularity is 
another problem identified, in terms of where to stop a LO without losing the context 
and value of the resource. Accordingly, many of these challenges require various 
policy initiatives to effectively manage learning resources. 
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Table 6.4 gives an overview of the challenges relating to the management of learning 
resources, arising from the interviews. The factors identified in the literature and 
confirmed during the interviews are represented by critical factor numbers within 
brackets, cross-referenced from Table 6.1. Newly identified factors, issues and 
barriers are represented using the # symbol within brackets. Table 6.4 also includes 
the perceived importance of individual factors based on interviewees’ perceptions and 
actual usage, represented by a * symbol.  
In addition to conforming to the literature with respect to metadata ontologies, two 
additional metadata ontology factors are identified from the interviews. These are the 
validation and learner profile ontologies for enhancing the effective management of 
learning resources. The purpose of validation ontology is to provide authenticated, 
relevant and live learning resources to learners. The objective of learner profile 
ontology is to provide learning resources that will adapt to the levels, styles and 
preferences of learners. In addition to the identified critical factors, the interviews 
have revealed a number of challenges and barriers to the implementation of these 
critical factors in sustainable e-learning.  
6.3.3 An E-learning Success Model  
Integrating the qualitative findings above leads to the refinement of the base model 
for investigating the association between e-learning constructs. To some extent, this 
model emulates the sections in the interview document. As mentioned in Chapter 5, 
the interview document contains five sections: Section A is demography; Section B is 
represented by pedagogical strategies and associated factors; Section C is represented 
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by technologies and other factors; Section D is echoed by management of learning 
resources; and section E is reflected by impact on e-learning effectiveness.  
The findings from the literature review suggest the role of four key dimensions in 
contributing to the e-learning effectiveness, as shown in Figure 6.2. Specifically, the 
pedagogical strategies refer to multiple teaching and learning strategies for 
enhancing e-learning. The technology and other factors include relevant technology 
learning resources and pedagogy-specific management activities for individual 
strategies. The management factors consider management activities and metadata 
ontologies for describing LOs. The management activities included are: capturing, 
eliciting, organising, authenticating, retrieval and reuse of learning resources. The 
metadata ontologies involve identifying a number of metadata ontologies, such as 
content, context, structure, validation and learner profile ontologies. 
The interaction between these four dimensions is represented by double-headed 
arrows on the left-hand side in Figure 6.2, indicating the interrelationships between 
the constructs. The cause and effect relationship is represented by single directional 
arrows from independent (blue shaded) to dependent constructs. Colour coding in 
Figure 6.2 is blue for independent and green for dependent constructs.  
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Table 6.4 Overview of Role and Challenges: Literature and Interviews  
Factors Literature vs. interview findings Barriers Relative 
importance 
Management of 
learning resources 
Diverse opinion on the need for 
learning resources management 
activities (7, 8, 15, 24 to 31) 
Not widely practised in reality (#) 
Individuals have their own system for 
managing resources for reusability (#) 
Mostly not available for reusability for 
others (#) 
Not transferred into public RLOR (#) 
Ineffectiveness of LMS for creation of 
RLOR 
Ownership/sharing of learning 
resources (#) 
Quality concerns of learning resources 
(#) 
Copyright issues 
Version control issues (#) 
Granularity issues (#) 
Maintenance of learning resources (#) 
** 
Metadata ontologies Diverse opinion on incorporation of 
metadata and ontology items (31 to 47) 
Validation metadata and learner 
profile metadata (#) 
Not practised in reality (#) 
Ineffectiveness of LMS in creation and 
maintenance of metadata items 
Delegation of responsibility in terms of 
whose job it is to maintain, validate 
and ensure quality of metadata (#) 
** 
****Wider acceptance and wider usage  
***Wider acceptance but limited usage 
**Wider acceptance but very little usage 
*Lack of acceptance and usage 
#Identified item during the interview 
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The proposed e-learning success model suggests ways to improve e-learning via 
interaction between the constructs. The interview findings, however, indicate the 
prevalence of the practical difficulties in implementing this model. For instance, 
among the multiple pedagogical strategies available, a predominant use of the 
collaborative strategy can only be observed in reality. Other strategies are scarcely 
used, depending on the teacher’s interest and motivation and expertise in this area.  
A proactive use of technologies for supporting pedagogies greatly influences the e-
learning effectiveness. There is, however, a wide variation in reality on the efficacy of 
using technologies for supporting pedagogies. As an example, even the widely used 
discussion forum is not applied to its full potential. In some instances, learners are 
left to use the discussion forum, resulting in a lack of organisation of conversational 
threads. In other instances, teachers take a proactive role in setting up discussion 
questions, role-playing exercises, etc., but there is a lack of understanding of the 
pedagogical principles behind the supporting technology.  
The relationship between the management of learning resources and their reusability 
is complex. Understanding this complexity can improve the reusability of learning 
resources, thus reducing time and effort in preparing learning resources. The critical 
success factors identified in this regard include LMS support, quality, granularity, 
version control, knowledge sharing, copyright and maintenance.  
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Figure 6.2 An E-learning Success Model 
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The e-learning success model had been further refined to reflect the direct and 
indirect influence of constructs on the e-learning effectiveness, based on the 
interview findings and an additional literature review after the interviews were 
conducted. Consequently, this refined model, labelled as the alternative model, is 
used for conducting SEM analysis on the survey data in Chapter 9.  
6.3.4 Findings  
The qualitative analysis has provided preliminary answers to some subsidiary 
research questions in this study. The first subsidiary research question is: How to 
develop a theoretical framework considering the key dimensions of an e-learning 
ecosystem? The answer to this question is presented in Chapter 4. The second 
subsidiary question in this study is: What are the critical dimensions facilitating and 
hindering enhancement of e-learning effectiveness, as perceived by major e-
learning stakeholders? In answering this question, the analysis of interview 
transcripts indicates that three out of the four dimensions, namely pedagogies, 
technologies and learning resources, are perceived as critical by e-learning providers. 
However, there is no consensus on the influence of management of learning 
resources, metadata ontologies and management effectiveness in influencing the e-
learning effectiveness.  
The third subsidiary question in this study is: What are the critical factors within 
each key dimension facilitating and hindering enhancement of the e-learning 
effectiveness? The answer to this question is presented in Section 6.3.1, which 
provides a comprehensive list of various items within each construct vital for e-
learning success. Several potential obstacles are identified.  
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The fourth subsidiary question posed in this study is: How to develop conceptual 
models incorporating associations between the critical dimensions of an e-learning 
ecosystem? In answering this question, development of a base model is discussed in 
Section 6.2.2, and an e-learning success model is presented in Section 6.3.3. The base 
model proposes the direct association between the constructs and the e-learning 
effectiveness. The e-learning success model proposes both the direct and indirect 
influence of e-learning dimensions on the e-learning effectiveness.  
The fifth subsidiary question is: How to evaluate the interaction between critical e-
learning ecosystem dimensions in influencing e-learning effectiveness? In response 
to this question, various hypotheses for the base model are proposed in Section 6.2.2, 
dealing with interactions between various constructs. The interview findings in 
Section 6.3.2 evaluate the base model and reveal whether or not the proposed 
hypotheses are supported by e-learning providers. In brief, the findings from the 
interview results support the first three hypotheses:  
• Appropriately adopting pedagogies positively influences the e-learning 
effectiveness.  
• A proactive use of technologies for supporting pedagogies positively influences 
the e-learning effectiveness. 
• Multiple learning resources for supporting pedagogies positively influence the 
e-learning effectiveness. 
With respect to metadata ontologies, management of learning resources and 
management effectiveness, there appears to be much diverse opinions on their 
influence on the e-learning effectiveness. The interviewees from library and content 
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management divisions believe these factors are critical for the reusability of learning 
resources. In contrast, only a few interviewees from teaching faculties endorse this 
view. Several interviewees feel it is a sheer waste of resources and time, and some are 
indifferent to the idea of creating RLOR. As a result, the study findings do not fully 
support the following hypotheses: 
• Effectively managing learning resources positively influences the e-learning 
effectiveness. 
• Metadata ontologies positively influence the e-learning effectiveness.  
• Management effectiveness positively influences the e-learning effectiveness.  
The qualitative findings provide only partial support for the overall hypothesis that e-
learning effectiveness is a function of effective adoption of various learning strategies, 
associated learning resources and technologies, and effective management of learning 
resources generated from various learning strategies for enhancing reusability. 
6.4 Concluding Remarks 
The qualitative findings in this study involve an additional literature review and 
analysis of interview transcripts. The additional literature review resulted in 
recognising the importance of linkages between various constructs and the 
development of a base model representing these linkages. The detailed analysis of 
interview transcripts resulted in identification of additional factors measuring the 
various constructs. A number of issues have become apparent from the interview 
findings from the perspectives of e-learning, interaction between the key constructs, 
barriers to integration of pedagogies and technologies, and the management of 
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learning resources. An e-learning success model has been developed incorporating 
the complex interactions between the constructs.  
There is clear support for three out of the six preliminary hypotheses proposed, based 
on the literature review stemming from the perceptions of e-learning providers. 
Specifically, the results suggest clear support for the pedagogies, technologies and 
learning resources positively influencing e-learning effectiveness. In contrast to this, 
there is no clear support for the positive influence of management of learning 
resources, metadata ontologies and management effectiveness on enhancing the e-
learning effectiveness. Consequently, the findings from the qualitative analysis 
suggest partial support for the hypothesis that e-learning effectiveness is a function 
of effective adoption of various pedagogical strategies, associated technologies and 
learning resources, and effective management of learning resources generated from 
various learning strategies for enhancing reusability. 
Overall, it is evident that e-learning providers have differing perceptions on which 
dimensions are most crucial for achieving sustainable e-learning success. To some 
extent, the differing roles and backgrounds of the interviewees and the different 
nature of courses being taught at universities contribute to these variances in 
perceptions. In a university environment, the key to sustainable e-learning success is 
to adopt the set of fundamental factors that are appropriate for the objectives of the 
course, and to deal with the challenges and barriers associated with them. Similarly, 
irrespective of the choice of strategies in e-learning, it is important to align the 
technologies, learning resources and management factors associated with the 
specifically chosen pedagogical strategies.  
  
Chapter 7 
Preliminary Quantitative Data Analysis 
Definition of a statistician: “A man who believes figures don't lie, but admits that 
under analysis some of them won't stand up either.” 
Evan Esar 
 
7.1 Introduction 
The qualitative analysis in Chapter 6 provides the basis for the development of a 
survey instrument for aiding the quantitative data collection process. The collected 
data are then analysed through three phases: preliminary quantitative data analysis, 
bivariate correlation and MRA, and CFA using SEM. The objective of this chapter is 
to gain an overall understanding of the quantitative data analysis process through 
preliminary quantitative analysis (phase one), and to ensure that the dataset meets 
the prerequisite assumption for conducting the analysis in phases two and three. To 
fulfill this objective, this chapter reports the results from the demographic data 
analysis, univariate data analysis of individual factors from all the constructs and the 
testing of required assumptions for conducting MRA in phases two and three.  
This is the first of the three chapters presenting the quantitative data analysis results 
(phase one). The next two chapters (8 and 9) present the results from the analysis in 
phases two and three respectively. The preliminary quantitative data analysis in this 
chapter is structured into four sections. Section 7.2 reports the results from 
preliminary statistical analysis in the form of the demographic data analysis and the 
univariate data analysis of factors within each construct identified in Chapter 6. 
Section 7.3 examines various tests required for conducting MRA and CFA. Section 7.4 
then presents the concluding remarks for this chapter. 
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7.2 Preliminary Statistical Analysis  
The two sets of preliminary statistical results reported in this section include an 
overview of the demographical details of the respondents and the univariate analysis 
of the survey dataset. The demographic data characteristics provide an overview of 
the course levels and the areas of specialisation of the respondents. The univariate 
data analysis provides an overview of the descriptive statistics and of the respondents’ 
views on individual factors. The results from each of these analyses are presented in 
the following sections. 
7.2.1 Demographic Data Characteristics of Respondents 
The demographic characteristics of the respondents are analysed from two 
perspectives: course levels and areas of specialisation. Table 7.1 shows the course 
levels of the respondents. A total of 210 respondents involved in the e-learning 
environment have responded to the survey. Most of these respondents are enrolled in 
undergraduate programs, while about one-third of them are enrolled in postgraduate 
programs. Specifically, out of the 210 respondents, 131 are at undergraduate level, 70 
at postgraduate level, and 9 are enrolled to do a diploma, double degree, etc. This 
shows that 63% of the respondents are at undergraduate level, 33% are at 
postgraduate level, and 4% are enrolled in other studies, as shown in Figure 7.1. 
Table 7.1 Overview of Course Levels of Respondents  
Courses No. (n=) % 
Undergraduate 131 63 
Postgraduate 70 33 
Others 9 4 
Total 210 100 
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Figure 7.1 Overview of Respondents’ Course Levels  
The demographic details in terms of the respondents’ areas of specialisation are 
shown in Table 7.2. A majority of the respondents are specialised in computer 
sciences, while the next highest proportion comes from economics. A small number 
of respondents are from humanities, sciences and other areas. Specifically, out of the 
210 respondents, 135 are specialised in computer sciences, 36 in economics, and 39 
in humanities, sciences and other areas. This means that 65% of respondents are in 
computer sciences, followed by 17% in economics, 5% in humanities or science, and 
13% in others, as shown in Figure 7.2.  
Table 7.2 Specialisation Areas of Respondents  
Specialisation areas No. (n=) % 
Computer sciences 135 65 
Economics 36 17 
Humanities 7 3 
Science 4 2 
Others 28 13 
Total 210 100 
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Figure 7.2 Overview of Respondents’ Specialisation Areas  
7.2.2 Univariate Analysis of Data 
Univariate analysis refers to an examination of responses across all the observations 
for each factor (or variable). The univariate analysis results reported in this section 
are classified into descriptive statistics and percentage analysis of the views of the 
respondents on individual factors from all the constructs in this study. The 
descriptive statistics results describe the main features of the survey data. The 
percentage analysis results summarise the respondents’ views on the contribution of 
individual factors impacting on the effectiveness of e-learning.  
A 7-point Likert-type scale has been used for measuring the respondents’ preferences 
for each factor, with 1 referring to ‘least preferred’ and 7 to ‘most preferred’. Similarly, 
a 7-point Likert-type scale has been used to measure respondents’ perceptions of 
each impact factor, with 1 referring to ‘least effective’ and 7 to ‘most effective’.  
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Descriptive Statistics  
Descriptive statistics results portray the basic measures of the survey data used in 
this study. Table 7.3 presents the sample size, minimum value, maximum value, 
mean and standard deviation for each of the factors from each construct (see 
Appendix II for a detailed description of each factor). The sample size is the number 
of respondents who responded to the survey. The minimum and maximum values 
measure the dispersion for each factor, and the mean is the arithmetic average of 
each factor within various constructs. The standard deviation measures the average 
deviation from the mean. The minimum, maximum and standard deviation are the 
measures of dispersion. In other words, these measures tell us the extent of the 
deviation of the measurements from the mean. 
The sample size is 210 because each factor is a mandatory question that respondents 
are expected to answer. The common range for most of the factors is 6.00, which is 
calculated as the difference between the maximum value and the minimum value.  
With respect to mean results, a mean score of 3.50 or more indicates that more than 
50% of the respondents show their preference for that factor in influencing the e-
learning effectiveness. As shown in Table 7.3, the mean scores for all of the factors are 
well above 3.50, indicating that more than 50% of respondents see the importance of 
all factors in influencing the e-learning effectiveness. Specifically, the highest mean of 
6.32 is for M1 and ME1, indicating most respondents consider accessibility and 
availability of all course-related learning resources on the course website particularly 
important for the e-learning effectiveness. The lowest mean score of 4.09 is for P1, 
indicating that not many respondents perceive the facilities to learn by discussing 
with peers an important factor for enhancing the e-learning effectiveness.  
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Table 7.3 Descriptive Statistics  
Variable Minimum 
value 
Maximum 
value 
Mean Std 
deviation 
P1 1.00 7.00 4.09 1.89 
P2 2.00 7.00 5.74 1.23 
P3 1.00 7.00 5.25 1.41 
P4 1.00 7.00 5.26 1.31 
P5 1.00 7.00 5.04 1.45 
P6 1.00 7.00 4.40 2.14 
T1 1.00 7.00 5.84 1.23 
T2 1.00 7.00 5.55 1.40 
T3 1.00 7.00 5.18 1.60 
T4 1.00 7.00 5.08 1.84 
T5 1.00 7.00 5.76 1.34 
T6 1.00 7.00 5.48 1.39 
Variable Minimum 
value 
Maximum 
value 
Mean Std 
deviation 
T7 1.00 7.00 5.23 1.48 
T8 1.00 7.00 4.88 1.52 
T9 2.00 7.00 5.58 1.36 
LR1 1.00 7.00 5.27 1.75 
LR2 1.00 7.00 5.39 1.35 
LR3 1.00 7.00 5.33 1.26 
LR4 2.00 7.00 5.26 1.38 
LR5 1.00 7.00 5.50 1.29 
LR6 1.00 7.00 4.51 1.83 
LR7 2.00 7.00 5.76 1.28 
LR8 1.00 7.00 5.16 1.46 
M1 2.00 7.00 6.32 1.03 
M2 1.00 7.00 5.83 1.20 
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Variable Minimum 
value 
Maximum 
value 
Mean Std 
deviation 
M3 2.00 7.00 5.91 1.12 
M4 2.00 7.00 6.07 1.11 
M5 1.00 7.00 5.20 1.64 
M6 1.00 7.00 5.04 1.48 
M7 2.00 7.00 6.05 1.13 
M8 1.00 7.00 5.43 1.38 
MO1 2.00 7.00 5.84 1.13 
MO2 1.00 7.00 4.63 1.58 
MO3 1.00 7.00 5.36 1.29 
MO4 1.00 7.00 4.70 1.53 
MO5 1.00 7.00 4.70 1.57 
MO6 1.00 7.00 5.40 1.35 
MO7 1.00 7.00 5.01 1.59 
Variable Minimum 
value 
Maximum 
value 
Mean Std 
deviation 
MO8 1.00 7.00 4.92 1.63 
MO9 1.00 7.00 5.14 1.33 
MO10 1.00 7.00 5.11 1.38 
MO11 1.00 7.00 5.01 1.38 
MO12 1.00 7.00 4.97 1.36 
MO13 1.00 7.00 5.60 1.29 
MO14 1.00 7.00 5.02 1.51 
MO15 1.00 7.00 5.80 1.31 
MO16 1.00 7.00 5.12 1.40 
ME1 2.00 7.00 6.32 1.03 
ME2 1.00 7.00 5.55 1.43 
ME3 1.00 7.00 5.48 1.50 
ME4 1.00 7.00 5.49 1.37 
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Variable Minimum 
value 
Maximum 
value 
Mean Std deviation 
ME5 2.00 7.00 5.60 1.25 
ME6 1.00 7.00 5.00 1.46 
ME7 1.00 7.00 5.47 1.49 
ME8 1.00 7.00 5.26 1.35 
ELE1 1.00 7.00 5.55 1.20 
ELE2 2.00 7.00 5.58 1.16 
ELE3 2.00 7.00 5.76 1.19 
ELE4 1.00 7.00 5.16 1.51 
ELE5 1.00 7.00 5.42 1.36 
ELE6 2.00 7.00 5.48 1.32 
ELE7 1.00 7.00 4.94 1.47 
Preliminary Quantitative Data Analysis 2011 
 
Page 210 
In regard to the standard deviation, the average deviation for all factors is less than 
2.00, except for factor P6, indicating a normal distribution of the dataset. That is, 
most of the observations are in the middle of the normal distribution curve. 
Specifically, the highest deviation of 2.14 is for P6, indicating there is a difference of 
opinions on adopting blended learning strategies for enhancing the e-learning 
effectiveness. The lowest standard deviation of 1.03 is for M1, indicating many 
respondents choose a similar mean score for accessibility to course-related resources. 
Respondents’ Views on Factors 
The percentage results provide a comparative overview of the respondents’ views on 
multiple factors for each construct. A comparative analysis of the perceptions of 
various factors is presented for each of the constructs: pedagogical strategies, 
technologies, learning resources, management of learning resources, metadata 
ontologies, management effectiveness and e-learning effectiveness. Among these 
constructs, the first five constructs are independent constructs, and the last two are 
dependent constructs. Correspondingly, Figures 7.3 to 7.9 present an overview of the 
respondents’ responses for multiple factors from each construct.  
Figure 7.3 presents the respondents’ preferences for factors relating to the 
pedagogical strategies’ influence on the e-learning effectiveness. Overall, respondents 
indicate active learning strategies as the most preferred strategy (34% choosing 7), 
and adaptive learning as the next most preferred strategy (34% choosing 6). In 
contrast, respondents indicate the lowest preference for the collaborative strategy, 
even though it is the most practised strategy based on the qualitative results in 
Chapter 6. The detailed results of the respondent preferences for each of the factors 
are presented in Appendix II.  
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Figure 7.3 Respondents’ Preferences for Factors in Pedagogical Strategies 
Figure 7.4 presents the respondents’ preferences for factors relating to the 
technologies’ influence on the e-learning effectiveness. Respondents indicate the 
highest preference for active learning technologies and LMS technologies for 
enhancing the e-learning effectiveness. That is, respondents indicated active learning 
technology as most preferred (36% choosing 7), and LMS as the next most preferred 
technology (34% choosing 7). In comparison to the qualitative analysis results in the 
previous chapter, the respondents’ preference for concept mapping technologies is at 
19%, which is around the middle of the scale (Likert scale of 4).  
Figure 7.5 presents the respondents’ preferences for factors relating to the learning 
resources’ influence on the e-learning effectiveness. Respondents indicate the highest 
preference for interactive learning resources at 35%, and second highest preference 
for multimedia resources at 32%. Respondents show indifferent preferences towards 
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resources to overcome computer technical constraints, with the preference rating 
distributed in the middle of the scale.  
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Figure 7.4 Respondents’ Preferences for Factors in Technologies 
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Figure 7.5 Respondents’ Preferences for Factors in Learning Resources 
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Figure 7.6 presents the respondents’ preferences for factors relating to the 
management of learning resources’. Respondents’ preferences indicate accessibility 
and presentation as the first and second most preferred factors (59% and 46% 
respectively). Respondents’ preferences also indicate a lack of interest in sharing the 
learning resources with peers, with most of this preference rating distributed in the 
middle of the scale.  
Figure 7.7 presents the respondents’ preferences for the factors relating to the 
influence of metadata ontologies on the e-learning effectiveness. Accessibility and 
keyword are respondents’ first and second most preferred factors (79% and 70% 
respectively), with both rated as ‘most preferred’ (7). In contrast, respondents show 
indifference towards some of the other metadata factors, including synonyms, follow-
up and abbreviation, where more than 50% have chosen the middle of the scale.  
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Figure 7.6 Respondents’ Preferences for Factors in Management of 
Learning Resources 
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Figure 7.7 Respondents’ Preferences for Factors in Metadata Ontologies 
Figure 7.8 represents the respondents’ perceptions of factors relating to the 
management effectiveness. A high proportion of the respondents perceive availability 
of learning resources as the most important factor in enhancing the management 
effectiveness, with 59% choosing 7 on the rating scale (‘most effective’). The second 
most effective factors, as perceived by respondents, are easy and fast access to 
learning resources (within two to three clicks) and saving time/effort in searching for 
resources, with 32% of respondents favouring each of these factors.  
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Figure 7.8 Respondents’ Perceptions of Management Effectiveness 
Figure 7.9 represents the respondents’ perceptions of factors relating to the e-
learning effectiveness. Respondents perceive satisfaction (33% with rating of 7) and 
critical thinking (28% with rating of 7) as the two most important factors influencing 
the e-learning effectiveness. It is interesting to note that at least 20% of the 
respondents do not consider prospective career an important factor (distributed 
across the middle of the rating scale). One of the reasons for this could be that most 
respondents are already in a work environment, and the e-learning pursuit is 
therefore more about knowledge enhancement than job acquisition. 
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Figure 7.9 Respondents’ Perceptions of E-learning Effectiveness 
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The univariate results from descriptive statistics provide insight into the basic 
features of the survey dataset. In addition, the univariate percentage results provide 
an overview of preferences and perceptions of the respondents on each factor. 
7.3 Multivariate Analysis  
Multivariate analysis refers to an examination of the responses across all the 
observations of multiple variables. As noted earlier, phases two and three of the 
quantitative analysis involve MRA and CFA, and both are common multivariate 
analysis methods. Using these multivariate analysis methods necessitates satisfying a 
number of assumptions. These assumptions include sufficient sample size, a normally 
distributed dataset, absence of both autocorrelation and multicollenearity, and 
suitability of dataset for factor analysis (Hair et al., 1998). The results from various 
tests for assumptions are covered below, which ensures the assumptions are 
satisfactory for conducting further analysis.  
The first assumption of adequate sample size is a prerequisite for conducting both 
MRA and CFA. The study’s sample size of 210 is considered adequate for conducting 
multivariate analysis using both MRA and CFA. The second assumption requires that 
the data follow a normal distribution and absence of outliers for carrying out both 
analyses. The assumption of normal distribution of data is required for conducting 
MRA, but is not a necessary condition for CFA. Even though factor analysis does not 
require normally distributed data, the presence of normality enhances the solution. 
The two statistics used to check for the normality of a distribution are skewness and 
kurtosis. The survey data confirmed the normality check, with skewness values 
ranging from 0.22 to 1.25, and kurtosis values ranging from 0.25 to 1.58 (see 
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Appendix II for more details). In addition, multivariate outliers have been checked 
using descriptive statistics and results from Mahalanobis distance while conducting 
CFA. All these results indicate a normal distribution of the survey data and an 
absence of outliers in the study’s dataset.  
The third and fourth assumptions, namely the absence of both autocorrelation and 
multicollenearity, are required for conducting MRA in phase two of the quantitative 
analysis. The Durbin-Watson test result suggests an absence of autocorrelation 
between the residuals, as the value is close to 2.00. A bivariate correlation between 
factors ranging from 0.1 to 0.8 is far below the recommended value of 0.9, indicating 
the absence of multicollenearity. 
The fifth assumption tests the suitability of the data for conducting factor analysis. 
The assumption consists of testing of results from the KMO measure and Bartlett’s 
test of sphericity. The suitability of factor analysis is confirmed by the acceptable 
criteria for the two additional measures of the KMO (KMO value of 0.87) and 
Bartlett’s test, as shown in Table 7.4. 
Table 7.4 KMO and Bartlett’s Test Results 
KMO measure of sampling adequacy .867 
Bartlett's test of sphericity Approx. chi-square 6205.33 
Df 1128 
Sig. .000 
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7.4 Concluding Remarks 
The overall purpose of this chapter is to conduct a preliminary quantitative analysis 
to gain a general understanding of the survey dataset. To meet this objective, this 
chapter has reported the results from the preliminary statistics on the demographic 
characteristics of the respondents and the individual univariate analysis of the 
factors. In addition, this chapter has reported the results from testing the 
assumptions for conducting phases two and three of the quantitative data analysis.  
This chapter first presents the results from the demographic characteristics, based on 
the course level and the specialisation area of the respondents. These results indicate 
that most of the respondents are at undergraduate level and specialising in the 
computer sciences area.  
The univariate analysis presented in this chapter includes the descriptive statistics 
and the percentage analysis of each factor from all the constructs employed in this 
study. The results from the descriptive statistics indicate a normal distribution of the 
dataset, with standard deviation around 2.00 for all factors. The results from the 
percentage analysis identify the most preferred factor from each independent 
construct and the most effective factor from each dependent construct in enhancing 
the e-learning effectiveness.   
With respect to the testing of assumptions, five tests have been carried out: sampling 
adequacy test, normally distributed dataset, absence of autocorrelation for 
conducting MRA, absence of multicollenearity, and suitability of dataset for 
conducting CFA. The results indicate that the dataset fulfills all the assumptions 
required for conducting phases two and three of the quantitative analysis. 
  
Chapter 8 
Correlation and Multivariate Regression Analysis 
"There is nothing particularly scientific about excessive caution. Science thrives on 
daring generalizations."  
L. Hogben 
 
8.1 Introduction 
The qualitative findings in Chapter 6 provide insights into the perceptions of e-
learning providers on dimensions and factors for influencing the e-learning 
effectiveness. They, however, do not explore the perceptions of e-learners, another 
major stakeholder in the e-learning environment, on this critical issue. Therefore, the 
main objective of this chapter is to report the results from the additional analysis of 
the base model using the survey dataset gathered from e-learners.  
Quantitative data analysis in this study has been accomplished through three phases: 
preliminary quantitative data analysis in Chapter 7, bivariate correlation and MRA in 
Chapter 8; and CFA and SEM analysis in Chapter 9. The preliminary quantitative 
data analysis in Chapter 7 indicate that the dataset fulfills the assumptions required 
for conducting phases two and three data analysis. This chapter reports the results 
from evaluating the base model using the bivariate correlation and MRA. As a result, 
this chapter is the second of the three chapters presenting quantitative data analysis 
results, with the next chapter (9) presenting the CFA and SEM results.  
This chapter is organised into four sections. Section 8.2 presents several refined 
subsidiary research questions and hypotheses for evaluating the base model. Section 
8.3 discusses the validity of the survey instrument. Section 8.4 reports on the findings 
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from the base model evaluation through the summative bivariate correlation and 
MRA. Section 8.5 finally provides concluding remarks for the chapter. 
8.2 Refined Research Questions and Hypotheses  
Two steps are required before evaluating the base model, in order to identify the key 
constructs for influencing the e-learning effectiveness from the perspective of e-
learners. The first step is to revisit and modify two original subsidiary research 
questions. The second step is to assess the base model developed in Chapter 6, with 
modification to the base model hypotheses to fit the modified research questions. 
8.2.1 Revisiting Subsidiary Research Questions 
The first step in evaluating the base model is to revisit the subsidiary research 
questions. One main research question and five subsidiary research questions for this 
study have previously been noted in Chapter 4. Chapter 4 provides answers to the 
first subsidiary research question by developing a theoretical framework for 
considering the key e-learning ecosystem components. Chapter 5 covers the 
methodologies used for answering the rest of the subsidiary research questions. 
Chapter 6 provides preliminary answers to the other four subsidiary research 
questions through the identification of dimensions for facilitating and hindering the 
e-learning effectiveness; identification of the factors within each dimension 
facilitating and hindering enhancement of the e-learning effectiveness; development 
of conceptual e-learning success models for incorporating associations between the 
key dimensions of the e-learning ecosystem; and evaluation of the interaction 
between the critical e-learning ecosystem dimensions using the base model.  
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The answers, however, are all based on the perceptions of the e-learning providers. 
They do not consider the other major stakeholder in e-learning, the e-learner. In 
order to therefore examine and understand the perceptions of e-learners, revisiting 
the second and fifth subsidiary research questions of this study was necessary. The 
second original subsidiary research question is: 
What are the critical dimensions facilitating and hindering enhancement of the 
e-learning effectiveness as perceived by major e-learning stakeholders? 
The qualitative results in Chapter 6 have successfully identified the major dimensions 
for facilitating and hindering the e-learning effectiveness, based on the perceptions of 
e-learning providers without the inputs from the e-learners. Furthermore, Chapter 6 
has evaluated the interactions between the critical e-learning ecosystem dimensions 
using the base model from the perceptions of e-learning providers, without taking e-
learners’ perceptions into account. A more objective measure was therefore required 
for identifying the key e-learning ecosystem dimensions and evaluating the 
interaction between those dimensions from an e-learner’s perspective. These 
additional results can also be used to validate or repute the conclusions based on the 
identified major dimensions in Chapter 6. This necessitates revisiting the fifth 
original subsidiary research question: 
How to evaluate the interaction between the critical e-learning ecosystem 
dimensions in influencing the e-learning effectiveness? 
The qualitative results in Chapter 6 include various base model hypotheses for 
dealing with the interaction between e-learning ecosystem dimensions. The results 
suggest positive associations between an appropriate use of pedagogies, technologies, 
learning resources and the e-learning effectiveness. However, the qualitative analysis 
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does not provide objective findings in the form of strength and direction of the 
relationships between these variables. The results are also inconclusive with respect 
to the association between metadata ontologies, management of learning resources, 
management effectiveness and e-learning effectiveness, due to much diverse opinion 
on the importance of these constructs. This is not in line with the literature, which 
suggests a clear influence of these constructs on enhancing the e-learning 
effectiveness. Therefore, in order to verify the qualitative research findings, extending 
the two subsidiary research questions noted above was necessary. Therefore, the 
extended second and fifth subsidiary research questions are: 
What are the critical constructs influencing the e-learning effectiveness based 
on the perceptions of e-learners?  
How to evaluate the interaction between the critical e-learning constructs in 
influencing the e-learning effectiveness based on the perceptions of e-
learners? 
The answers to the above two extended questions have aimed to provide an overall 
perspective of e-learners on the constructs influencing the e-learning effectiveness.  
8.2.2 Revisiting the Base Model and Hypotheses 
The second step before evaluating the base model is to revisit the base model and 
associated hypotheses to fit the modified subsidiary research questions. The 
evaluation of the base model in the qualitative findings in Chapter 6 indicates support 
for associations between pedagogies, technologies and learning resources. Figure 8.1 
presents the base model developed in Chapter 6 for re-examining the association 
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between the six constructs and the e-learning effectiveness from the perspective of e-
learners. The associated hypotheses are: 
• H1: An appropriate adoption of pedagogies positively influences the e-
learning effectiveness.  
• H2: Proactive use of technologies supporting pedagogies positively 
influences the e-learning effectiveness.  
• H3: Multiple learning resources supporting pedagogies positively 
influence the e-learning effectiveness. 
• H4: Effective management of learning resources positively influences 
the e-learning effectiveness. 
• H5: Effective use of metadata ontologies positively influences the e-
learning effectiveness.  
• H6: Management effectiveness supporting learning resources positively 
influences the e-learning effectiveness.  
Each of these hypotheses is evaluated using the survey data gathered from e-learners. 
These modified subsidiary research questions relate to what the strength and 
direction of associations are between:  
• pedagogies and the e-learning effectiveness as perceived by e-learners?  
• technologies and the e-learning effectiveness as perceived by e-
learners?  
• learning resources and the e-learning effectiveness as perceived by e-
learners?  
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• management of learning resources and the e-learning effectiveness as 
perceived by e-learners?  
• metadata ontologies and the e-learning effectiveness as perceived by e-
learners?  
• management effectiveness and the e-learning effectiveness as perceived 
by e-learners?  
 
Figure 8.1 The Base Model and Hypotheses 
The answers to these six hypotheses and associated questions aim to answer the two 
extended subsidiary research questions based on the e-learners’ perceptions on the 
constructs influencing the e-learning effectiveness.  
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8.3 Instrument Validation 
The validity of the survey instrument is an essential prerequisite for conducting data 
analyses in this study. The primary objective of the instrument validation is to 
confirm whether or not the identified factors are a good representation of the 
underlying construct. This is essential for ensuring the reliability and validity of the 
research findings derived from the survey dataset. The two measures used to validate 
the survey instrument in this study are the internal consistency and the reliability, as 
discussed in Chapter 5.  
The internal consistency refers to the extent to which the multiple indicators for a 
latent variable belong together. The reliability refers to the extent to which the results 
are consistent for different factors within a construct. Three criteria used in this study 
for evaluating the internal consistency and reliability of the factors are Cronbach’s 
alpha (also known as ‘alpha coefficient’), and item-total correlation and inter-item 
correlation. Among these three criteria, the alpha coefficient is the primary measure 
used in this chapter for deciding whether to delete or retain a factor. The other two 
criteria (item-total and inter-item correlations) are then used to check if there is any 
significant improvement to the alpha coefficient value after deleting those factors.  
Cronbach’s alpha is the most well-known measure for internal consistency and 
reliability. The higher the alpha coefficient, the stronger the evidence that the factor 
represents the underlying latent construct. The acceptable values for this study are 
values close to 0.6 for alpha coefficients, 0.5 for item-total correlations, and 0.3 and 
above for inter-item correlations. Since the alpha coefficient is the primary measure 
used to decide whether to drop a factor, the factors are only deleted if there is any 
major improvement to the alpha coefficient. Otherwise the factors are retained, even 
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if the inter-item and item-total correlations are below the abovementioned criteria for 
evaluating the base model.  
The following sections report the final results on internal consistency and reliability 
for all seven constructs, representing the 62 factors identified in Chapter 6. The 
colour coding for the results are: item-total correlation values in blue shaded column, 
inter-item correlation values in yellow shaded column and Cronbach’s alpha value in 
green shaded column. The seven constructs are pedagogies, technologies, learning 
resources, management of learning resources, metadata ontologies, management 
effectiveness and e-learning effectiveness. The indicator names and variable names 
are presented in the following section. The detailed stage-wise results are presented 
in Appendix III, and a detailed list of constructs, indicators, variable names and item 
descriptions are presented in Appendix II.  
8.3.1 Pedagogies 
Table 8.1 presents the final result of the internal consistency and reliability measures 
for the construct pedagogies. The initial results indicate the low reliability for three 
factors with very low item-total and inter-item correlation values, as shown in 
Appendix III. These three factors are P1 (collaborative), P2 (active) and P6 (blended). 
The deletion of these three factors slightly improves the reliability result, with 
Cronbach’s alpha value of 0.59 moving close to the acceptable range. Even though 
factor P5 (concept map) could also have been dropped due to low inter-item and 
item-total correlation values, its deletion would not have significantly improved the 
alpha coefficient. This has resulted in retaining three out of the six factors got 
measuring the pedagogies construct. Overall, the reliability result for this construct is 
not very satisfactory. Retaining it, however, is important for understanding its 
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relationship with other constructs. As a result, the three retained factors, explorative 
(P3), adaptive (P4) and concept map (P5), have been used for further analysis. 
Table 8.1 Final Internal Consistency and Item Reliability: Pedagogies 
8.3.2 Technologies 
Table 8.2 presents the final results of the internal consistency and reliability 
measures for the second construct: technologies. The initial results indicate low 
reliability of the T3 (collaborative technologies) and T6 (retrieval technologies) 
factors, as shown in Appendix III. As the deletion of these two factors indicates 
improvements to the alpha coefficient, both factors have been dropped. The item-
total and inter-item correlation values for a few other factors are also below the set 
criteria of 0.5 and 0.3 respectively. In particular, the internal consistency and 
reliability results for multimedia technologies (T4) show poor representation of the 
construct. However, as the dropping of these factors does not significantly improve 
the alpha coefficient value, they have been retained. 
The removal of T3 and T6 improves the alpha coefficient to 0.74. The remaining 
seven factors are considered a reasonable representation of the technologies 
construct. These seven factors that have been considered for further analysis are: 
LMS (T1), course search technologies (T2), multimedia technologies (T4), active 
Factors Item-total 
correlation 
Inter-item 
correlation 
Cronbach’s 
alpha 
   P3 P4 P5 0.59 
  
  
P3 0.41 1.00     
P4 0.47 0.44 1.00   
P5 0.31 0.23 0.31 1.00 
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learning technologies (T5), adaptive learning technologies (T7), CM technologies 
(T8), and push technologies (T9).  
Table 8.2 Final Internal Consistency and Item Reliability: Technologies 
8.3.3 Learning Resources 
Table 8.3 presents the final results of the internal consistency and reliability 
measures for the third construct: learning resources. The initial test results indicate 
high reliability for almost all factors, with an acceptable alpha coefficient value of 
0.81. The item-total correlation values are below the set criterion value of 0.5 for a 
few factors. Similar results are also reflected for the inter-item correlation values, 
where a few factors are below 0.3. Dropping these factors with low values, however, 
does not significantly improve the alpha coefficient value. As a result, all eight factors 
in learning resources have been retained for further analysis. These eight factors are: 
multimedia learning resources (LR1), collaborative learning resources (LR2), external 
learning resources (LR3), learning resources to suit the level (LR4), learning 
resources to suit the style (LR5), learning resources to suit the technical constraints 
(LR6), interactive learning resources (LR7), and CM learning resources (LR8). 
Factors 
Item-total 
correlation Inter-item correlation 
Cronbach’s 
alpha 
    T1 T2 T4 T5 T7 T8 T9 0.74 
  
  
  
  
  
  
  
T1 0.38 1.00             
T2 0.41 0.41 1.00           
T4 0.33 0.08 0.21 1.00         
T5 0.41 0.26 0.16 0.24 1.00       
T7 0.54 0.24 0.25 0.28 0.33 1.00     
T8 0.61 0.25 0.30 0.27 0.35 0.57 1.00   
T9 0.47 0.26 0.29 0.19 0.24 0.33 0.50 1.00 
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Table 8.3 Final Internal Consistency and Item Reliability: Learning 
Resources 
8.3.4 Management of Learning Resources 
Table 8.4 presents the final results of the internal consistency and reliability 
measures for the fourth construct: management of learning resources. The initial 
results indicate an acceptable internal consistency and reliability values for all factors 
in this construct, with a high alpha coefficient value of 0.85. The item-total 
correlation values are above the set value of 0.5 for all factors except M5 and M6. 
Similarly, except for M5 and M6, the inter-item correlation values are above the set 
criterion of 0.3 for all factors. However, as the dropping of both M5 (distribution) and 
M6 (sharing with peers) does not have much impact on the alpha coefficient value, all 
factors in this construct have been retained. Therefore, all of the eight factors in 
management of learning resources have been considered valid for further analysis. 
These eight factors are: accessibility (M1), quality external (M2), indexing (M3), 
presentation (M4), distribution (M5), sharing with peers (M6), easy retrieval (M7), 
and reusability (M8). 
Factors 
Item-total 
correlation Inter-item correlation 
Cronbach’s 
alpha 
    LR1 LR2 LR3 LR4 LR5 LR6 LR7 LR8 
0.81 
  
  
  
  
  
  
  
LR1 0.44 1.00               
LR2 0.47 0.42 1.00             
LR3 0.49 0.26 0.31 1.00           
LR4 0.63 0.25 0.33 0.41 1.00         
LR5 0.63 0.29 0.32 0.39 0.67 1.00       
LR6 0.45 0.24 0.22 0.30 0.40 0.33 1.00     
LR7 0.55 0.35 0.30 0.35 0.39 0.47 0.30 1.00 0.42 
LR8 0.57 0.31 0.30 0.30 0.47 0.46 0.40 0.42 1.00 
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Table 8.4 Final Internal Consistency and Item Reliability: Management of 
Learning Resources 
8.3.5 Metadata Ontologies 
Table 8.5 presents the final results of the internal consistency and reliability 
measures for the fifth construct: metadata ontologies. The item-total and inter-item 
correlation values are split into two parts in table 8.5. The first part presents the 
results for MO1 to MO8, and the second part presents the results for M09 to M16. 
The initial results indicate acceptable internal consistency and reliability values for all 
factors in this construct, with a high alpha coefficient value of 0.90. The item-total 
correlation values are above the set value of 0.5 for all factors except MO1 (keyword), 
MO2 (author), MO14 (popularity) and MO15 (accessibility). Similarly, except for a 
few factors, most of the inter-item values are above the set criterion of 0.3. However, 
the dropping of these factors with low values does not significantly improve the alpha 
coefficient value. Therefore, all 16 factors have been retained and are considered a 
reasonable measure of the metadata ontologies construct: keyword (MO1), author 
(MO2), summary (MO3), synonyms (MO4), abbreviation (MO5), type  (MO6), level 
(MO7), time duration (MO8), characteristic (MO9), prerequisite (MO10), co-requisite 
Factors 
Item-total 
correlation Inter-item correlation 
Cronbach’s 
alpha 
    M1 M2 M3 M4 M5 M6 M7 M8 
0.85 
  
  
  
  
  
  
  
M1 0.60 1.00               
M2 0.61 0.52 1.00             
M3 0.70 0.54 0.56 1.00           
M4 0.65 0.53 0.47 0.59 1.00         
M5 0.45 0.22 0.31 0.47 0.33 1.00       
M6 0.42 0.28 0.32 0.26 0.32 0.27 1.00     
M7 0.64 0.50 0.45 0.64 0.56 0.32 0.28 1.00   
M8 0.56 0.42 0.40 0.39 0.42 0.34 0.36 0.42 1.00 
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(MO11), follow-up (MO12), authenticity (MO13), popularity (MO14), accessibility 
(MO15), and suitability (MO16). 
8.3.6 Management Effectiveness 
Table 8.6 presents the results of the internal consistency and reliability measures for 
the sixth construct: management effectiveness. The initial results indicate high 
internal consistency and reliability for all factors in this construct, with a very high 
alpha coefficient value of 0.90. The only factor which has a low item-total correlation 
value below the 0.5 criterion is ME1 (availability). Similarly, the inter-item 
correlation values of all factors except ME1 satisfy the set criterion of 0.3. Yet even 
though ME1 is a worthy candidate for dropping, this would not have significantly 
impacted on the alpha coefficient value. Thus, all eight factors have been retained and 
considered as valid factors measuring this construct: availability (ME1), easy and fast 
access (ME2), access - quality (ME3), access - relevant (ME4), access - course-specific 
resources (ME5), access - adaptive (ME6), saving time (ME7), and reusability of 
learning resources (ME8).  
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Table 8.5 Final Internal Consistency and Item Reliability: Metadata Ontologies 
Factors 
Item Total 
Correlation Inter Item Correlation 
Cronbach’s 
alpha 
    MO1 MO2 MO3 MO4 MO5 MO6 MO7 MO8 MO9 MO10MO11MO12 MO13MO14MO15 MO16 0.90 
MO1 0.46 1.00                       
MO2 0.38 0.24 1.00                     
MO3 0.46 0.31 0.29 1.00                   
MO4 0.51 0.40 0.22 0.31 1.00                 
MO5 0.52 0.38 0.18 0.39 0.89 1.00               
MO6 0.59 0.22 0.30 0.37 0.30 0.31 1.00             
MO7 0.63 0.35 0.28 0.32 0.25 0.27 0.50 1.00           
MO8 0.59 0.23 0.28 0.29 0.22 0.23 0.52 0.52 1.00         
MO9 0.68 0.29 0.27 0.37 0.25 0.29 0.49 0.56 0.62 1.00               
MO10 0.72 0.28 0.18 0.25 0.34 0.34 0.39 0.55 0.52 0.62 1.00             
MO11 0.70 0.23 0.17 0.26 0.30 0.33 0.44 0.52 0.54 0.61 0.89 1.00           
MO12 0.70 0.32 0.29 0.27 0.29 0.27 0.40 0.52 0.49 0.60 0.72 0.71 1.00         
MO13 0.59 0.27 0.25 0.23 0.26 0.25 0.29 0.31 0.34 0.44 0.55 0.54 0.57 1.00       
MO14 0.45 0.30 0.14 0.24 0.31 0.37 0.26 0.21 0.21 0.23 0.31 0.32 0.32 0.33 1.00     
MO15 0.45 0.31 0.23 0.22 0.22 0.23 0.30 0.23 0.17 0.24 0.29 0.31 0.32 0.46 0.41 1.00   
MO16 0.66 0.28 0.36 0.26 0.28 0.26 0.48 0.54 0.43 0.51 0.49 0.44 0.52 0.51 0.39 0.46 1.00 
 Correlation and MRA 2011 
 
Page 233 
Table 8.6 Final Internal Consistency and Item Reliability: Management 
Effectiveness 
8.3.7 E-learning Effectiveness 
Table 8.7 presents the final results of the internal consistency and reliability 
measures for the seventh construct: e-learning effectiveness. The initial results 
indicate acceptable internal consistency and reliability for all factors in this construct, 
with a high alpha coefficient value of 0.84 indicating that all factors are a good 
representation of the e-learning effectiveness construct. The item-total correlation 
values for all factors are above the set value of 0.5. Similarly, the inter-item 
correlation values for all factors have exceeded the set value of 0.3, indicating that all 
factors relate well with each other. Therefore, all eight factors in e-learning 
effectiveness have been retained for further analysis: learning outcomes (ELE1), final 
grades (ELE2), satisfaction (ELE3), prospective career (ELE4), stimulation (ELE5), 
critical thinking (ELE6), and communication skills (ELE7). 
Factors 
Item-total 
correlation Inter-item correlation 
Cronbach’s 
alpha 
    ME1 ME2 ME3 ME4 ME5 ME6 ME7 ME8 
 0.90 
  
  
  
  
  
  
  
ME1 0.28 1.00               
ME2 0.68 0.18 1.00             
ME3 0.80 0.27 0.69 1.00           
ME4 0.81 0.16 0.65 0.77 1.00         
ME5 0.81 0.34 0.59 0.67 0.72 1.00       
ME6 0.70 0.15 0.50 0.58 0.66 0.64 1.00     
ME7 0.80 0.23 0.59 0.71 0.72 0.67 0.66 1.00   
ME8 0.72 0.34 0.48 0.59 0.58 0.67 0.58 0.64 1.00 
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Table 8.7 Final Internal Consistency and Item Reliability: E-Learning 
Effectiveness 
Table 8.8 Factors Deleted from Instrument Validation  
Testing the instrument validity to improve the study’s reliability has resulted in the 
dropping of five factors due to low item-total and inter-item correlation values. A few 
other factors with low inter-item and item-total correlations have been retained, as 
the dropping of these factors did not improve the alpha coefficient value. Most of 
those factors with low inter-item and item-total correlation values have been dropped 
for evaluating the alternative model in Chapter 9. The remaining 57 factors have been 
Factors 
Item-total 
correlation Inter-item correlation 
Cronbach’s 
alpha 
    ELE1 ELE2 ELE3 ELE4 ELE5 ELE6 ELE7 
 0.84 
  
  
  
  
  
  
ELE1 0.59 1             
ELE2 0.55 0.67 1.00           
ELE3 0.62 0.58 0.49 1.00         
ELE4 0.52 0.32 0.28 0.35 1.00       
ELE5 0.62 0.33 0.39 0.44 0.40 1.00     
ELE6 0.71 0.44 0.33 0.53 0.44 0.64 1.00   
ELE7 0.57 0.31 0.30 0.32 0.47 0.46 0.60 1.00 
Construct Deleted factor Factor Reason for deletion 
Pedagogies Collaborative strategy P1 Improved alpha coefficient if 
deleted  
 Active learning strategy P2 Improved alpha coefficient if 
deleted 
 Blended learning strategy  P6 Improved alpha coefficient if 
deleted 
Technologies Active learning 
technologies 
T3 Improved alpha coefficient if 
deleted 
 Explorative learning 
technologies 
T6 Improved alpha coefficient if 
deleted 
Total factors deleted 5 
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used for evaluating the base model via bivariate correlation and MRA. The list of 
factors deleted and the reasons for deletion are represented in Table 8.8.  
8.4 Evaluation of Base Model  
The approaches used to evaluate the base model based on the survey data are the 
bivariate correlation and MRA analysis. The objective of conducting bivariate 
correlation analysis is to obtain a macro view on the strength and direction of the 
relationship between dependent and independent variables (Pallant, 2007). The 
objective of MRA is to understand the relationship between multiple independent 
variables and a dependent variable. 
Both the bivariate correlation analysis and the MRA analysis are based on the 
summative scales for each construct. Summative scales are calculated as the mean 
value of a set of factors within each construct, aimed at approximating a linear 
relationship with the construct. To carry out the MRA analysis, a stepwise method 
has been chosen based on summative scales of each construct. The reason for 
choosing this method is that this approach can lead to the most parsimonious model 
(Pallant, 2007). In other words, parsimonious models result in the simplest plausible 
model with the fewest number of factors. Since one of the objectives of this study is to 
identify the critical dimensions representing a limited number of critical factors 
contributing to the e-learning effectiveness, this method is considered appropriate. 
Using this method, each summated construct is entered in sequence and evaluated 
for its contribution to the model. This involves retesting of the model with every 
addition of a new construct to assess its contribution. The newly added constructs are 
retained if they significantly contribute to the model or removed if they do not 
significantly contribute.  
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 The bivariate correlation results show the strength and the direction of the 
relationship between dependent and independent variables. The bivariate 
relationships between the six independent constructs and one dependent construct 
are represented by the correlation coefficient (R) in Table 8.9. The correlation 
coefficient values range between 0.40 and 0.64, with the highest for metadata 
ontologies and the lowest for pedagogies. The bivariate correlation results suggest a 
strong positive relationship between metadata ontologies and e-learning 
effectiveness, and a weak positive relationship between pedagogies and e-learning 
effectiveness. In addition, the positive coefficient (R) results also imply a positive 
relationship between all independent constructs and the e-learning effectiveness. 
Overall, the results are statistically significant, with p<0.001 for all constructs.  
Table 8.9 E-learning Constructs and the E-learning Effectiveness: 
Correlation Coefficients  
The MRA provides answers to five questions about the influence of six independent 
constructs on one dependent construct: (a) How well did the independent constructs 
explain the variation in the dependent construct?; (b) How well does the model fit the 
dataset?; (c) What relationship exists between each independent construct and the 
dependent construct, when all other independent constructs are held constant?; (d) 
Construct Correlation 
coefficient (R) 
Pedagogies 0.40*** 
Technologies 0.58*** 
Learning resources 0.55*** 
Management of learning resources 0.57*** 
Metadata ontologies 0.64*** 
Management effectiveness 0.51*** 
***p<0.001; n=210 
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Which independent construct has the most effect on a dependent variable?; (e) Are 
the relationships between independent and dependent constructs statistically 
significant, when all independent constructs are taken into account? 
The stepwise regression process has resulted in retaining four of the six independent 
constructs which have contributed significantly to the model. The four retained 
constructs are technologies, management of learning resources, metadata ontologies 
and management effectiveness. The results for R (correlation coefficient), R-square 
(coefficient of determination) and adjusted R-square are presented in Table 8.10. In 
particular, R-square and adjusted R-square values are used to answer the first 
question: How well did the independent constructs explain the variation in the 
dependent construct?  
The R value measures the correlation between e-learning effectiveness and the 
independent constructs (or predictor variables), while the R-square and adjusted R-
square values explain the proportion of the variance in e-learning effectiveness, as 
accounted for by the set of independent e-learning constructs. Adjusted R-square is 
generally considered to be a more accurate GOF measure than R-square. The R-
square results in this study indicate that the retained four independent constructs of 
the base model account for 52% of variance in e-learning effectiveness. The adjusted 
R-square results suggest 51% of variation in e-learning effectiveness is accounted for 
by the four independent constructs. It should also be noted that since there is no 
significant difference between R-square (52%) and adjusted R-square (51%), the 
variation in e-learning effectiveness is reasonably measured by these retained 
independent constructs.  
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Table 8.10 Base Model Summary Results 
The overall significance of the model, as assessed by the analysis of variance results 
(ANOVA), is shown in Table 8.11 for answering the second question: How well does 
the model fit the dataset? The ANOVA results with a significant F test value indicate 
that the base model accounts for more variance in the e-learning effectiveness than 
expected by chance. That is, the resulting model fits the dataset well, and the model 
can therefore be used for further analysis.  
Table 8.11 ANOVA Results 
The non-standardised regression coefficients are presented from highest to lowest in 
Table 8.12. This answers the third question: What relationship exists between each 
independent construct and the dependent construct when all other independent 
constructs are held constant? The results indicate the highest increase by metadata 
ontologies, when all other independent variables are held constant. The positive sign 
of the coefficient for the four independent constructs (metadata ontologies, 
technologies, management effectiveness and management of learning resources) 
imply positive association between these constructs and the e-learning effectiveness. 
The standard error measures the precision with which the regression coefficients are 
R R-square Adjusted R-
square 
Standard  
error of the 
estimate 
Durbin-
Watson 
0.72 0.52 0.52 0.66 2.11 
Sum of squares Degrees of 
freedom (df) 
Mean 
square 
F test 
value 
Significance (p 
value) 
96.194 4 24.05 54.96 0.000 
89.693 205 0.44   
185.887 209    
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measured. Since the coefficients for all four independent constructs are higher than 
the associated standard errors, it can be deduced that the coefficients are measured 
with reasonable precision and are different from zero (0). 
Table 8.12 Non-standardised Regression Coefficients 
Table 8.13 presents the results of the standardised regression coefficients (Beta) for 
answering the fourth question: Which independent variable has the most impact on a 
dependent variable? The standardised multiple regression coefficients (Beta 
coefficients) measure the contribution of each construct to the model. The t values 
and significance (p) values provide an approximate indication of the impact of each 
independent construct on the dependent construct. Table 8.13 presents the 
standardised multiple regression results with associated t value and significance (p) 
values. The Beta coefficient value is highest for the metadata ontologies construct 
(0.31), indicating that it has the most influence on e-learning effectiveness. The other 
three constructs that have a positive influence on e-learning effectiveness are 
technologies (0.21), management effectiveness (0.20) and management of learning 
resources (0.17). The Beta coefficient values for pedagogies and learning resources 
suggest a lack of any significant influence on e-learning effectiveness.  
Independent 
constructs 
Non-standardised 
regression 
coefficients (B) 
Standard error 
Metadata ontologies 0.33 0.08 
Technologies 0.21 0.07 
Management 
effectiveness 
0.18 0.05 
Management of 
learning resources 
0.18 0.07 
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The t values and p values suggest that except for pedagogies and learning resources, 
all other constructs have a significant impact on e-learning effectiveness, with large t 
values and low associated ‘p’ values. So in answer to the fifth question, the 
relationship between the four independent constructs and the one dependent 
construct are statistically significant when all independent constructs are considered.  
Table 8.13 Standardised Regression Coefficients 
A summary of the results from the bivariate correlation and MRA is shown in Figure 
8.2. The rejected hypotheses are highlighted in orange shaded rows, and the accepted 
hypotheses are highlighted in green shaded rows. The results suggest support for 
hypotheses H2, H4, H5 and H6, indicating a positive impact of four independent 
constructs on the effectiveness of e-learning, as shown in Table 8.14.  In other words, 
the results suggest that metadata ontologies, technologies, management of learning 
resources and management effectiveness are positively associated with the e-learning 
effectiveness. However, the results do not support hypotheses H1 and H3, as shown 
in Table 8.14, meaning the results do not support the hypotheses that pedagogies and 
learning resources are positively associated with the e-learning effectiveness.  
Constructs Standardised 
coefficients (Beta) 
t value Significance 
(p value) 
Pedagogies -0.04 -0.62 0.54 
Technologies 0.21 3.16 0.00 
Learning resources 0.03 0.31 0.76 
Management of 
learning resources 
0.17 2.50 0.00 
Metadata 
ontologies 
0.31 4.35  0.00 
Management 
effectiveness 
0.20 3.46 0.01 
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Figure 8.2 The Base Model Results 
Table 8.14 Summary of Base Model and Hypotheses Results 
Hypothesis Βeta Accept or 
reject result 
H1: Pedagogies positively  influence the e-learning 
effectiveness 
-0.04 No 
H2: Technologies positively influence the e-learning 
effectiveness 
0.21** Yes 
H3: Learning resources positively influence the e-
learning effectiveness 
0.03 No 
H4: Management of learning resources positively 
influence the e-learning effectiveness 
0.17* Yes 
H5: Metadata ontologies positively influence the e-
learning effectiveness 
0.31*** Yes 
H6: Management effectiveness factors positively 
influence the e-learning effectiveness 
0.20** Yes 
***p<0.001: ** p<0.01; * p<0.05; N=210 
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8.5 Concluding Remarks 
The aim of this chapter is to evaluate the base model using the survey dataset 
gathered from the perceptions of e-learners. To fulfill this objective, the survey 
instrument has first been validated using internal consistency and reliability 
measures, and the findings from the bivariate correlation and MRA analysis are then 
reported. Evaluating the survey instrument validity resulted in the dropping of five 
factors due to their low reliability. The remaining 57 factors have been employed for 
further analysis. 
The findings from bivariate and MRA results provided answers to the two altered 
subsidiary research questions previously noted in this chapter. The results have 
suggested the four critical constructs influencing the e-learning effectiveness are 
technologies, management of learning resources, metadata ontologies and 
management effectiveness. That is, the two critical e-learning ecosystem dimensions 
influencing e-learning success are technologies and management of learning 
resources, from the perspective of e-learners. Contrary to the qualitative findings, the 
results in this chapter suggest that e-learners do not consider pedagogies and 
learning resources as critical.  
Overall, the results indicate that the effectiveness of e-learning is highly influenced by 
metadata ontologies, technologies and management effectiveness, followed by 
management of learning resources. In contrast, these results indicate a lack of 
influence of pedagogies and learning resources on enhancing the e-learning 
effectiveness. 
  
Chapter 9 
An E-Learning Success Model  
“Creativity is inventing, experimenting, growing, taking risks, breaking rules, making 
mistakes, and having fun.” 
Mary Lou Cook 
 
9.1 Introduction 
An evaluation of the base model in Chapter 8 provides some answers to the two 
revised subsidiary questions based on the perceptions of e-learners on the constructs 
influencing the e-learning effectiveness. It provides answers to the subsidiary 
research questions at the macro level by examining the association between the six e-
learning constructs and the e-learners’ perceptions on the e-learning effectiveness. 
The evaluation of the base model, however, does not explore the perceptions of e-
learners at the micro level, such as the extent of influence of the factors within each 
construct and the indirect influence of the mediating constructs on the e-learning 
effectiveness.  
To adequately address this issue, this chapter explores alternative e-learning success 
models using CFA and SEM. The results of testing the assumptions in Chapter 7 
indicate that the dataset satisfies the assumptions required for proceeding with SEM, 
for realising the main objective of this study.  
This chapter is organised into five sections. Section 9.2 revisits two of the subsidiary 
research questions and presents several refined subsidiary research questions. 
Section 9.3 presents the alternative model and the associated hypotheses. The 
individual measurement models and the full measurement model results are 
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presented in section 9.4. Section 9.5 then presents the structural model results. 
Finally, Section 9.6 provides some concluding remarks.  
9.2 Revisiting the Subsidiary Research Questions  
The subsidiary research questions for this study are originally stated in Chapter 4. 
Consequently, a theoretical framework has been developed in Chapter 4 for 
answering the first subsidiary research question. Chapters 6 and 8 then provide 
preliminary answers to other subsidiary research questions by considering the 
perspectives of e-learning providers and e-learners respectively. More specifically, 
Chapter 6 identifies the critical dimensions (question 2) and the critical factors 
(question 3) facilitating and hindering the e-learning effectiveness. Furthermore, 
Chapter 6 develops several conceptual models (question 4) with the findings from 
evaluating the proposed base model (question 5) with respect to the perceptions of e-
learning providers. Chapter 8 identifies the critical constructs for enhancing the e-
learning effectiveness (modified question 2) and evaluates the base model proposed 
in Chapter 6 (modified question 5) based on the perceptions of e-learners. 
The base model evaluation in Chapter 8 provides findings at macro level and 
identifies the critical constructs by evaluating the strength, directions and extent of 
the association between the six e-learning constructs and the e-learning effectiveness. 
This base model evaluation highlights the significance of technologies, management 
of learning resources, metadata ontologies and management effectiveness for 
enhancing the e-learning effectiveness. However, it is recognised that the successful 
implementation of this model requires the identification of the critical factors for e-
learning success. Also, the findings do not provide insight into the following 
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questions due to the shortcoming of bivariate and MRA approaches to using the 
summated scales:  
• What are the critical factors within each construct contributing to the e-
learning effectiveness? 
• What are the direct and indirect influences of each construct on enhancing the 
e-learning effectiveness?   
• What are the specific influences of each construct in enhancing the e-learning 
effectiveness? 
In order to answer these questions for developing a deeper understanding of the 
study’s main objective, a more complex alternative model is required. As a result, it is 
necessary to revisit the third and fifth subsidiary research questions for this study in 
Chapter 4. The third subsidiary research question is: 
What are the critical factors within each key dimension for facilitating and 
hindering enhancement of the e-learning effectiveness?  
The following are some specific questions relating to each of the e-learning 
ecosystem dimensions: 
• What are the critical pedagogies perceived as effective by the e-learning 
stakeholders?  
• What are the perceived critical technological factors supporting each 
pedagogical strategy for successful implementation?  
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• What are the perceived critical learning resources factors for 
supporting/derived from each pedagogical strategy for successful 
implementation?   
• What are the perceived critical management factors for enhancing the 
management of learning resources generated from various pedagogies 
and technologies?  
• What are the perceived critical metadata ontologies for realising the 
semantic web vision towards creating sustainable RLOR in the e-
learning environment?  
• What are the perceived critical management effectiveness factors for 
enhancing the e-learning effectiveness?  
The fifth subsidiary research question is:  
How to evaluate the interaction between the critical e-learning ecosystem 
dimensions in influencing the e-learning effectiveness? 
To answer the third subsidiary research question, Chapter 6 provides some 
preliminary responses to the factors for facilitating and hindering the adoption of the 
e-learning success model based on the perceptions of e-learning providers. Chapter 6 
also provides preliminary answers to the fifth subsidiary research question by 
evaluating the interaction between the critical e-learning ecosystem dimensions using 
the base model. Chapter 8 then provides partial answers to the fifth subsidiary 
research question by evaluating the base model, based on perceptions of e-learners at 
the macro level. However, answers have not been provided to specific questions as 
restated above relating to critical factors within the constructs influencing the e-
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learning effectiveness from the perspectives of e-learners. To overcome this 
limitation, this chapter further examines the study by slightly modifying the original 
third and fifth subsidiary research questions. The modified research questions are: 
What are the critical factors within each key dimension for facilitating 
enhancement of the e-learning effectiveness from e-learner’s perspective?  
How to evaluate the interaction between the critical e-learning ecosystem 
dimensions in influencing the e-learning effectiveness from e-learners 
perspective? 
To accomplish this, SEM has been used to simultaneously assess the multiple 
interrelated dependence relationships using the alternative model specified in the 
next section. 
9.3 An Alternative Model 
An evaluation of the base model in Chapter 8 has found a significant relationship 
between metadata ontologies, technologies and management effectiveness, followed 
by management of learning resources and e-learning effectiveness. However, the 
results also suggest insignificant relationships between pedagogies, learning 
resources and e-learning effectiveness. This finding is not consistent with those from 
both the literature and the qualitative results, which suggest that multiple pedagogies 
and multiple learning resources are critical for e-learning success. This inconsistency 
calls for a more detailed model that can alienate the influence of individual factors 
within each construct on the e-learning effectiveness. Towards this objective, this 
section presents an alternative model developed from the e-learning success model 
proposed in Chapter 6.  
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The alternative model represents the linkage between the six latent constructs and 
the e-learning effectiveness construct (latent independent construct), incorporating 
both direct and indirect influence of the constructs on the e-learning effectiveness, as 
shown in Figure 9.1. In Figure 9.1, the independent latent constructs are represented 
in blue shaded boxes, the mediating constructs in yellow shaded boxes, and the 
dependent latent constructs in green shaded boxes. 
The model represents the hypotheses for evaluating the direct and indirect influence 
of various latent constructs on the e-learning effectiveness. It constitutes a total of 11 
hypotheses. The iterative development of the measurement models in SEM results in 
the combining two constructs (technologies and learning resources) into one due to a 
lack of discriminant validity. As a result, the final alternative model contains nine 
hypotheses, out of which seven are the same as the original alternative model, and 
two are from pooling the two constructs into one. The major changes in this 
alternative model with respect to the base model are representation of the: 
• individual retained factors within each of the seven constructs based on initial 
reliability and internal consistency tests conducted in Chapter 8;  
• two mediating constructs, namely management of learning resources and 
management effectiveness, in influencing the e-learning effectiveness; and  
• indirect relationships through mediating variables.  
A detailed exploration of the hypothesised alternative model, which segregates direct 
and indirect influences, is presented in the next three sections. More specifically, the 
following sections describe different components of the alternative model: the 
independent latent constructs directly influencing the e-learning effectiveness, the 
E-learning Success Model 2011 
 
Page 249 
independent latent constructs directly influencing the management of learning 
resources, and the mediating latent constructs indirectly influencing the e-learning 
effectiveness.  
 
 
Figure 9.1 An Alternative Model 
9.3.1 Direct Constructs Influencing the E-learning Effectiveness  
Existing research to date indicates some knowledge on the influence of pedagogies 
(Aldridge et al., 2004; Anderson, 2003; Arbaugh, 2000; Conole et al., 2004; Dorman, 
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2002; Goodyear et al., 2007; McPherson et al., 2008; Or-Bach, 2005; Rourke & 
Anderson, 2002; Yunus & Salim, 2008), technologies (Conole et al., 2004; 
Govindasamy, 2001; Kopper et al., 2005), learning resources (Arbaugh, 2000; Berge, 
2002; Brusilovsky et al., 2002; Dicheva et al., 2005; Drago et al., 2002; Irfan et al., 
2008), and metadata ontologies (Dicheva, 2008; Gasevic et al., 2006; Hatem et al., 
2005; Marshall et al., 2003; Richards et al., 2007; Rokou, 2004; Stojanovic et al., 
2001; Winne et al., 2006; Yang et al., 2006) on the e-learning effectiveness.  
The four latent constructs and their associated factors are presented in Chapter 7. 
The relationships between each of the latent constructs for directly influencing the e-
learning effectiveness are reviewed in Table 9.1. These four relationships are the same 
as in the base model, as noted in both Chapters 6 and 8.  
The relationships between the four direct latent constructs and the e-learning 
effectiveness are represented in Figure 9.2. The four associated hypotheses are: 
• H1: Preferred pedagogies positively influence the e-learning effectiveness. 
• H2a: Preferred technologies supporting various pedagogies positively 
influence the e-learning effectiveness. 
• H2b: Preferred learning resources supporting various pedagogies positively 
influence the e-learning effectiveness.  
• H3: Preferred metadata ontologies positively influence the e-learning 
effectiveness. 
E-learning Success Model 2011 
 
Page 251 
 
Table 9.1 Direct Constructs and E-learning Effectiveness: Relationships 
The subsidiary research questions associated with each hypothesis are as follows:  
• What are the critical pedagogies that can contribute towards enhancing the e-
learning effectiveness as perceived by e-learners? 
• What are the critical technologies that can contribute towards enhancing the e-
learning effectiveness as perceived by e-learners? 
• What are the critical learning resources that can contribute towards enhancing 
the e-learning effectiveness as perceived by e-learners? 
• What are the critical metadata ontologies that can contribute towards 
enhancing the e-learning effectiveness of as perceived by e-learners? 
Relationship 
from 
Relationship 
to 
Hypothesis References 
Pedagogies E-learning 
effectiveness  
H1 (Arbaugh, 2000; Maki et al., 2000; 
Marks et al., 2005) 
Technologies  E-learning 
effectiveness  
H2a (Chandra et al., 2008; 
Govindasamy, 2001; Kim et al., 
2007; Kopper et al., 2005; Miah, 
2004) 
Learning 
resources 
E-learning 
effectiveness  
H2b (Arbaugh, 2000; Berge, 2002; 
Brusilovsky et al., 2002; Dicheva 
et al., 2005; Drago et al., 2002; 
Irfan et al., 2008) 
Metadata 
ontologies  
E-learning 
effectiveness  
H3 (Dicheva, 2008; Gasevic et al., 
2006; Hatem et al., 2005; 
Marshall et al., 2003; Richards et 
al., 2007; Rokou, 2004; Stojanovic 
et al., 2001; Winne et al., 2006; 
Yang et al., 2006) 
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Figure 9.2 Direct Constructs and E-learning Effectiveness: Relationships 
9.3.2 Direct Constructs Influencing the Management of Learning 
Resources  
The use of multiple pedagogies, technologies and learning resources results in the 
generation of a huge amount of learning resources. Effectively managing these 
resources requires the creation of RLOR for facilitating the realisation of the semantic 
web vision (Demidova et al., 2005; Dicheva et al., 2006; Le Grand et al., 2001; 
Marshall et al., 2003; Stojanovic et al., 2001; Yang et al., 2006). 
There are a number of measures required for effectively managing reusable learning 
resources. For instance, Demidova et al. (2007) proposed integrative knowledge and 
resource management systems for integrating heterogeneous learning resources at 
both the repository and service levels. Furthermore, a number of studies have 
suggested use of topic mapping for managing and representing e-learning resources. 
Specifically, these studies have focused on the use of topic mapping for knowledge 
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visualisation (Dicheva et al., 2006; Le Grand et al., 2001), knowledge retrieval 
(Garshol, 2004; Shin et al., 2006; Yang et al., 2006), knowledge capture (Dicheva et 
al., 2006), and knowledge management and reuse (Ahmed, 2000). 
Recognising the role of technologies for assisting the management of learning 
resources, a number of measures have been suggested. For example, Downes (2006) 
and Siemens (2005) both suggested network technologies for enhancing the 
management of learning resources. Dicheva et al. (2006) recommended ontologies-
aware repositories facilitating capturing, sharing and accessing of knowledge, while 
Vatant (2004) recommended merging the potentials of OWL and topic mapping to 
construct ontologies-driven topic maps. Shaw et al. (2004) indicated a positive 
relationship between use of topic maps and effective retrieval of learning resources 
due to high recall, high precision returns. Similarly, Browne and Jermey (2004) 
advocated ways to enhance access to information within websites using semantic 
technologies, whereas Nejdl et al. (2002) highlighted the role of searching and 
annotation of learning resources. A number of other studies have proposed the 
creation of taxonomy for sharing vocabulary (Dicheva et al., 2006; Winne et al., 
2006; Yang et al., 2006). Ouziri (2006) examined the semantic integration of 
heterogeneous e-learning repositories, while Shih, Shih and Chen (2007) 
recommended organisation of learning materials through hierarchical topic maps.  
The importance of metadata ontologies for enhancing the management of learning 
resources is well-recognised in literature. The advanced developments and use of 
metadata ontologies standards, such as Dublin Core (Cambell, 2002), IEEE LOM 
(Duval, 2006) and SCORM IMS (Esteban-Gil et al., 2009), and the EML (Haig et al., 
2004; Koper et al., 2004) are clear indicators of their positive influence on the 
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management of learning resources. The relationships between each of the latent 
constructs directly influencing management of learning resources and the supporting 
literature are presented in Table 9.2. These four relationships are the new 
relationships which are not incorporated in the base model relationships, as noted in 
both Chapters 6 and 8. 
Table 9.2 Direct Constructs and Management of Learning Resources: 
Relationships 
The relationships between the four direct latent constructs and the management of 
learning resources are represented in Figure 9.3. The associated hypotheses are: 
• H4: Preferred pedagogies positively influence the management of learning 
resources.  
• H5a: Preferred technologies supporting various pedagogies positively 
influence the management of learning resources.  
Relationship 
from 
Relationship 
to 
Hypothesis References 
Pedagogies Management of 
learning 
resources 
H4 (Ahmed, 2000; Demidova et al., 
2007; Dicheva et al., 2006; Garshol, 
2004; Le Grand et al., 2001; Shin et 
al., 2006; Yang et al., 2006)  
Technologies Management of 
learning 
resources 
H5a (Dicheva et al., 2006; Downes, 
2004; Shaw et al., 2004; Siemens, 
2005; Vatant, 2004) 
Learning 
resources  
Management of 
learning 
resources 
H5b (Browne et al., 2004; Dicheva et 
al., 2006; Nejdl et al., 2002; 
Ouziri, 2006; 2007; Winne et al., 
2006; Yang et al., 2006) 
Metadata 
ontologies 
Management of 
learning 
resources 
H6 (Cambell, 2002; Duval, 2006; 
Esteban-Gil et al., 2009; 2009; 
Haig et al., 2004; Koper et al., 
2004; Siong-Hoe Lau, 2009) 
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• H5b: Preferred learning resources supporting various pedagogies positively 
influence the management of learning resources.  
• H6: Preferred metadata ontologies positively influence the management of 
learning resources. 
Pedagogies
Management  of 
Learning Resources
Learning Resources 
Technologies
Metadata Ontologies
H4
H5a
H5b
H6
 
Figure 9.3 Direct Constructs and Management of Learning Resources: 
Relationships 
The subsidiary research questions associated with each of the above hypotheses (H4, 
H5 and H6) are as follows:  
• What are the critical pedagogies that can contribute towards enhancing the 
management of learning resources, as perceived by e-learners? 
• What are the critical technologies that can contribute towards enhancing the 
management of learning resources, as perceived by e-learners? 
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• What are the critical learning resources that can contribute towards enhancing 
the management of learning resources, as perceived by e-learners? 
• What are the critical metadata ontologies that can contribute towards 
enhancing the management of learning resources, as perceived by e-learners? 
9.3.3 Indirect Latent Constructs Influencing the E-learning Effectiveness 
Apart from the direct influence of the four constructs, the alternative model 
incorporates the influence of two mediating constructs: management of learning 
resources and management effectiveness. The literature review suggests the influence 
of management of learning resources on management effectiveness (George et al., 
2009; Shaw et al., 2004), and the influence of management effectiveness on the e-
learning effectiveness (Bonastre et al., 2005; Collis et al., 2002; Erosa et al., 2007; 
Morville, 2005; Shaw, 2010; Shee et al., 2008). Similarly, other studies have 
identified the influence of management of learning resources on management 
effectiveness by enhancing the availability, accessibility, reusability and retrievability 
of learning resources (Chu et al., 2001; George et al., 2009; Ouziri, 2006; Pepper, 
2000; Yang, Fan & Chen, 2005). The relationships between each of the latent 
mediating constructs indirectly influencing management effectiveness, e-learning 
effectiveness and the supporting literature are presented in Table 9.3.  
The relationships between the two mediating constructs and the e-learning 
effectiveness are represented in Figure 9.4. The associated hypotheses are as follows: 
• H7: Preferred management of learning resources positively influences the e-
learning effectiveness. 
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• H8: Preferred management of learning resources positively influences the 
management effectiveness of learning resources. 
• H9: Preferred management effectiveness positively influences the e-learning 
effectiveness. 
Table 9.3 Mediating Constructs and E-learning Effectiveness: 
Relationships 
The subsidiary research questions associated with each of the hypotheses (H7, H8 
and H9) are as follows:  
• What are the critical factors in management of learning resources influencing 
the e-learning effectiveness, as perceived by e-learners? 
• What are the critical factors in the management of learning resources 
influencing the management effectiveness, as perceived by e-learners? 
• What are the critical factors in management effectiveness influencing the e-
learning effectiveness, as perceived by e-learners? 
Relation-
ship from 
Relationship 
to 
Hypothesis References 
Manage-
ment of 
learning 
resources 
E-learning 
effectiveness 
H7 (George et al., 2009; Shaw et al., 
2004) 
Manage-
ment of 
learning 
resources 
Management 
effectiveness 
H8 (Chu et al., 2001; George et al., 
2009; Ouziri, 2006; Pepper, 
2000; Yang et al., 2005) 
Manage-
ment 
effectiven
ess 
E-learning 
effectiveness 
H9 (Bonastre et al., 2005; Collis et al., 
2002; Erosa et al., 2007; Morville, 
2005; Shaw, 2010; Shee et al., 
2008) 
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Figure 9.4 Mediating Constructs and E-learning Effectiveness: 
Relationships 
Based on the above identified constructs and relationships, nine hypotheses are 
proposed for considering the direct effects, and three for considering the indirect 
effects. The first set of hypotheses (H1, H2a, H2b and H3) deal with the direct 
influence of four latent constructs (pedagogies, technologies, learning resources and 
metadata ontologies) on the e-learning effectiveness. The second set of hypotheses 
(H4, H5a, H5b and H6) examine the direct influence of four latent constructs 
(pedagogies, technologies, learning resources and metadata ontologies) on the 
management of learning resources. The third set of hypotheses (H7, H8 and H9) 
examines the indirect influence of two mediating latent constructs (management of 
learning resources and management effectiveness) on the management effectiveness 
and the e-learning effectiveness.  
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9.4 Confirmatory Factor Analysis 
As noted in Chapter 5, a two-step approach is considered appropriate for conducting 
SEM in this study. The first step is to evaluate the measurement models for each 
construct through CFA to ensure construct validity. This involves iterative 
developments of measurement models for ensuring both convergent and 
discriminant validity. As noted in Chapter 8, five factors have been deleted due to low 
reliability results, and the remaining 57 factors have been used for the initial 
development of these measurement models. The initial models are revised based on 
an assessment of the factor loading. The second step is to evaluate the structural 
model once the measurement models conform to the construct validity.  
This section reports the findings from the final measurement model for each latent 
construct, the full measurement model and the discriminant validity (refer to 
Appendix IV for original measurement model test results). In addition, this section 
provides a summary of the factors deleted at various stages of the iterative 
measurement model development and the reason for their deletion. The final 
measurement model results for the six constructs are presented in Tables 9.4 to 9.9.  
The top section contains parameter estimates consisting of standardised factor 
loading, item reliability, critical ratios and probability values for the retained factors 
within the final measurement models. The middle section represents the GOF 
measures for each of the latent constructs consisting of chi square values, degrees of 
freedom (DF), probability, chi square/DF, GFI, AGFI, RMSEA and TLI. The bottom 
section represents the reliability results for the final retained factors, consisting of 
Cronbach’s alpha and composite reliability. The discriminant validity for the final full 
measurement model is assessed based on correlation between constructs and AVE.  
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9.4.1 Measurement Model for Pedagogies 
Three out of six factors have been retained after instrument validation of the 
pedagogies construct. However, the iterative convergent and discriminant validity 
process has resulted in the deletion of an additional factor, concept mapping 
techniques (P5), due to a lack of discriminant validity. The retained factors are 
explorative strategy (P3) and adaptive strategy (P4) for measuring the pedagogies.  
Table 9.4 presents the parameter estimates, GOF measures and reliability results for 
the pedagogies measurement model with the final retained factors. The convergent 
validity that has been assessed using factor loading for both of the factors exceeds the 
recommended value of 0.5, and both factors have critical ratios greater than 1.96. 
They can therefore be considered as valid indicators for the pedagogies construct.  
Table 9.4 Measurement Model for Pedagogies: Parameter Estimates, GOF 
Measures and Reliability Results 
Parameter estimates 
Factors Standardised 
loading 
Item 
reliability 
Critical 
ratio 
Probability 
P3 .66 .44 11.60 *** 
P4 .66 .44 11.60 *** 
GOF measures 
Chi square 1.24 
DF 1 
Probability 0.26 
Chi square/DF 1.24 
GFI 0.99 
AGFI 0.98 
RMSEA 0.03 
TLI 0.99 
Reliability results  
Cronbach’s alpha 0.61 
Composite reliability 0.30 
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The model fits the data well, with all GOF measures meeting the guidelines set for 
this study. The final reliability results are all within the acceptable range, with alpha 
coefficient value of 0.61 and composite reliability result of 0.30. Despite the low 
composite reliability value for pedagogies, the inclusion of this construct does not 
affect the final full measurement model fit. The pedagogies construct is therefore 
considered acceptable for further analysis using SEM. 
9.4.2 Measurement Models for Technologies and Learning Resources 
Seven out of nine factors for technologies and all eight factors for learning resources 
have been retained after conducting the reliability and internal consistency analysis. 
The iterative convergent and discriminant validity process, however, requires the 
combining of technologies and learning resources into one construct due to a lack of 
discriminant validity. This iterative process has resulted in the deletion of five factors 
for technologies and seven factors for learning resources due to low factor loading 
and a lack of discriminant validity, and as suggested by the modification indices. The 
three retained factors are concept mapping resources (LR8), concept mapping 
technologies (T8) and push technologies (T9). 
Table 9.5 presents the parameter estimates, GOF measures and reliability results for 
the combined technologies and learning resources measurement model with the final 
retained factors. The convergent validity that has been assessed based on factor 
loading ranges from 0.66 to 0.73, with all factors exceeding the recommended value 
of 0.5. All factors have critical ratios greater than 1.96 and can therefore be 
considered as valid for the combined technologies and learning resources constructs.  
The model fits the data well, with all GOF measures meeting the guidelines set for 
this study. The final reliability results are all within the acceptable range, with an 
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alpha coefficient value of 0.81 and composite reliability of 0.65. The combined 
technologies and learning resources construct is therefore considered acceptable for 
further analysis using SEM. 
Table 9.5 Measurement Model for Technologies and Learning Resources: 
Parameter Estimates, GOF Measures and Reliability Results 
9.4.3 Measurement Models for Metadata Ontologies 
Instrument validation through reliability and internal consistency measures in 
Chapter 8 suggests that all factors in metadata ontologies are reliable. Therefore, the 
original 16 factors are considered in the measurement model for this construct. 
However, the development of the measurement model phase, and the iterative 
convergent and discriminant validity process has resulted in the deletion of 14 of 
these factors due to low factor loading and poor model fit. The two retained factors 
are co-requisite (MO10) and prerequisite (MO11).  
Parameter estimates 
Factors Standardised 
loading 
Item 
reliability 
Critical 
ratio 
Probability 
LR8 .67 .45 13.12 *** 
T8 .66 .44 13.12 *** 
T9 .73 .53 13.12 *** 
GOF measures 
Chi square 1.63 
DF 1.00 
Probability 0.20 
Chi square/DF 1.63 
GFI 0.99 
AGFI 0.97 
RMSEA 0.06 
TLI 0.93 
Reliability results 
Cronbach’s alpha 0.81 
Composite reliability 0.65 
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Table 9.6 presents the parameter estimates, GOF measures and reliability results for 
the final metadata ontologies measurement model. The convergent validity based on 
factor loading of 0.95 well exceeds the recommended value of 0.5. Both factors have 
critical ratios greater than 1.96 and can therefore be considered as valid indicators for 
the metadata ontologies construct. 
The GOF measures indicate that the model fits the data well, with all results meeting 
the guidelines set for this study. The final reliability results with alpha coefficient 
value of 0.94 and composite reliability value of 0.90 are well above the criteria set for 
this study. Therefore, metadata ontologies construct is considered acceptable for 
further analysis using SEM. 
Table 9.6 Measurement Model for Metadata Ontologies: Parameter 
Estimates, GOF Measures and Reliability Results 
Parameter estimates 
Factors Standardised 
loading 
Item 
reliability 
Critical 
ratio 
Probability 
MO10 .95 .89 19.26 *** 
MO11 .95 .89 19.26 *** 
GOF measures 
Chi square 0.004 
DF 1 
Probability 0.952 
Chi square/DF 0.004 
GFI 1 
AGFI 1 
RMSEA 0 
TLI 1 
Reliability results 
Cronbach’s alpha 0.94 
Composite reliability 0.90 
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9.4.4 Measurement Models for Management of Learning Resources 
Instrument validation through reliability and internal consistency measures in 
Chapter 8 indicates that all factors in the management of learning resources 
construct are reliable. Therefore, the original eight factors are considered in the 
measurement model for this construct. However, the iterative convergent and 
discriminant validity process has resulted in the deletion of six factors due to low 
factor loading and poor model fit. The two retained factors are consistent 
presentation (M4), and search and retrieval facility (M7).  
Table 9.7 Measurement Model for Management of Learning Resources: 
Parameter Estimates, GOF Measures and Reliability Results 
Table 9.7 presents the parameter estimates, GOF measures and reliability results for 
the management of learning resources measurement model with the final retained 
factors. The results indicate excellent convergent validity with standardised factor 
loading of 0.75, well exceeding the recommended value of 0.5. Both factors have 
Parameter estimates 
Factors Standardised 
loading 
Item 
reliability 
Critical 
ratio 
Probability 
M4 .75 .56 14.16 *** 
M7 .75 .56 14.16 *** 
GOF measures 
Chi square 0.46 
DF 1 
Probability 0.83 
Chi square/DF 0.05 
GFI 0.99 
AGFI 0.99 
RMSEA 0 
TLI 1 
Reliability results 
Cronbach’s alpha 0.72 
Composite reliability 0.67 
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critical ratios greater than 1.96, which is well above the criteria set for this study. This 
suggests that the two retained factors can be considered as valid indicators for the 
management of learning resources construct.  
The model fits the data well, with all GOF measures meeting the guidelines set for 
this study. The final reliability results with acceptable an alpha coefficient value of 
0.72 and composite reliability value of 0.67 are well above the criteria set for this 
study. Therefore, the management of learning resources construct is considered 
acceptable for further analysis. 
9.4.5 Measurement Models for Management Effectiveness 
Instrument validation through reliability and internal consistency results in Chapter 
8 indicates that all factors in the management effectiveness construct are reliable. 
The original eight factors have been considered in the measurement model for this 
construct. However, the iterative convergent and discriminant validity process has 
resulted in the deletion of three factors due to low factor loading and lack of 
discriminant validity, and the modification indices suggestion. The five retained 
factors are accessibility (ME2), quality (ME3), relevance (ME4), course specific 
(ME5) and save time (ME7).  
Table 9.8 presents the parameter estimates, GOF measures and reliability results for 
the management effectiveness measurement model with the final retained factors. 
The final measurement model results indicate excellent convergent validity with 
standardised factor loading ranging from 0.75 to 0.88, all well above the 0.5 criterion 
set for this study, and critical ratios greater than 1.96. This suggests that the 
remaining five factors can be considered as valid indicators for measuring the 
management effectiveness construct.  
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All of the GOF measures meet the guidelines set for this study, indicating that the 
model fits the data well. The reliability results indicate the measures are reliable, with 
an acceptable alpha coefficient value of 0.91 and composite reliability value of 0.67. 
This confirms the validity of the management effectiveness construct for conducting 
further analysis using SEM. 
Table 9.8 Measurement Model for Management Effectiveness: Parameter 
Estimates, GOF Measures and Reliability Results 
9.4.6 Measurement Models for E-learning Effectiveness 
Instrument validation results in Chapter 8 indicate that all factors in the e-learning 
effectiveness construct are reliable, leading to the original seven factors being 
considered in the measurement model. The iterative convergent and discriminant 
validity process, however, has resulted in the deletion of five factors due to 
Parameter estimates 
Factors Standardised 
loading 
Item 
reliability 
Critical 
ratio 
Probability 
ME2 5.55 .75 .56 12.37 
ME3 5.48 .87 .76 15.53 
ME4 5.49 .88 .78 15.89 
ME5 5.60 .80 .64 13.60 
ME7 5.47 .81 .66 14.00 
GOF measures 
Chi square 7.71 
DF 5 
Probability 0.17 
Chi square/DF 1.54 
GFI 0.99 
AGFI 0.96 
RMSEA 0.05 
TLI 0.99 
Reliability results 
Cronbach’s alpha 0.91 
Composite reliability 0.67 
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modification indices suggestion and poor model fit. The two retained factors are 
stimulating (ELE5) and critical thinking skills (ELE6). 
Table 9.9 presents the parameter estimates, GOF measures and reliability results for 
the e-learning effectiveness measurement model with the final retained factors. The 
final measurement model results indicate excellent convergent validity with 
standardised factor loading of 0.80, compared to 0.50 criterion set for this study, and 
the critical ratio greater than 1.96. This suggests that the retained two factors can be 
considered as valid indicators for the e-learning effectiveness construct.  
Table 9.9 Measurement Model for E-learning Effectiveness: Parameter 
Estimates, GOF Measures and Reliability Results 
All the GOF measures are within the acceptable range, suggesting a good fit. The 
reliability results indicate the measures are reliable, with acceptable alpha coefficient 
value of 0.90 and composite reliability value of 0.78. This confirms the validity of the 
e-learning effectiveness construct for conducting further analysis using SEM. 
Parameter estimates 
Factors Standardised 
loading 
Item 
reliability 
Critical 
ratio 
Probability 
ELE5 5.42 .80 .64 10.20 
ELE6 5.48 .80 .64 10.20 
GOF measures 
Chi square 0.33 
DF 1 
Probability 0.57 
Chi square/DF 0.33 
GFI 0.99 
AGFI 99 
RMSEA 0 
TLI 1 
Reliability results 
Cronbach’s alpha 0.78 
Composite reliability 0.90 
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9.4.7 The Final Full Measurement Model  
The final full measurement model derived after multiple iterative convergent and 
discriminant validity process is shown in Figure 9.5. This process has required 
modification of individual measurement models after each stage before arriving at 
the final full measurement model that conforms to convergent and discriminant 
validity. During the discriminant validity stage, nine factors have been deleted due to 
a lack of discriminant validity. This stage has also resulted in the combining of 
technologies and learning resources into one construct due to a high correlation value 
of 0.96 between the two constructs, which indicates a lack of discriminant validity.  
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Figure 9.5 Final Full Measurement Model 
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The full measurement model has been evaluated based on two measures: overall GOF 
measures and discriminant validity results. Table 9.10 presents the GOF measures for 
the final full measurement model, relating to six constructs and 16 factors. The last 
column represents the recommended values for each GOF measure. The overall GOF 
measures for the full measurement model are within the acceptable range, with non-
significant χ2 (P>0.05), GFI, AGFI and TLI values greater than 0.9, and RMSEA 
value < 0.10, as shown in Table 9.10. 
Table 9.10 Final Full Measurement Model: GOF Measures 
Discriminant validity is evaluated using two measures: the correlation between 
constructs and the square root of AVE measures. To achieve satisfactory discriminant 
validity, the correlation between constructs should be less than 0.9 and the square 
root of AVE for each construct should be greater than the correlation between that 
and the other remaining constructs. Table 9.11 presents the results for the correlation 
results between the constructs inside the diagonals (shaded in green) and the results 
for square root of AVE for each construct along the diagonals (shaded in blue), to 
assess the discriminant validity of the final full measurement model. The results show 
acceptable discriminant validity between each pair of constructs, with all correlations 
between constructs less than 0.9, and AVE square roots greater than the correlation 
GOF measures Results Recommended values 
Chi square 113.75  
DF 97  
Probability 0.12 ≥.05 
Chi square/DF 1.17 ≤3.0 
GFI 0.94 ≥0.9 
AGFI 0.91 ≥0.9 
RMSEA 0.03 ≤0.1 
TLI 0.99 ≥0.9 
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between the constructs. For example, metadata ontologies shows highest 
discriminant validity among all constructs. The square root of AVE for metadata 
ontologies is 0.90, while the correlation between metadata ontologies and other 
constructs ranges from 0.28 to 0.43.  
9.4.8 Summary of Final Measurement Models  
The first step in SEM involves conducting CFA through iterative development of 
measurement models, ensuring both convergent and discriminant validity. This 
section summarises the following: final measurement model results for each 
construct with retained factors, comparison of GOF measures for each measurement 
model before and after convergent and discriminant validity, final GOF measures for 
full measurement model, and a list of the factors deleted and reasons for deletion. 
Table 9.11 Discriminant Validity Results: Inter-correlation between 
Constructs and Square Root of AVE 
Constructs 
PED 
* 
T&LR 
** 
MDO 
*** 
MGMT 
**** 
ELE 
***** 
ME 
****** 
PED* 0.54           
T&LR** 0.51 0.90         
MDO*** 0.26 0.44 0.90       
MGMT**** 0.38 0.64 0.43 0.70     
ELE***** 0.34 0.59 0.55 0.60 0.71   
ME****** 0.38 0.32 0.28 0.38 0.55 0.72 
Abbreviated constructs 
PED* Pedagogies 
T&LR** Technologies and learning resources 
MDO** Metadata ontologies 
MGMT **** Management of learning resources 
ME ***** Management effectiveness 
ELE ****** E-learning effectiveness 
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Table 9.12 presents the summary of final retained factors and measurement model 
results for individual constructs. The alpha coefficient for all individual final 
measurement models have the acceptable values ranging from 0.61 to 0.94, with the 
lowest value for the latent construct pedagogies and the highest value for metadata 
ontologies. The mean values for the factors ranges from 5.01 (co-requisite) to 6.07 
(consistent presentation). The item reliability (IR) results measured as standardised 
factor loading (FL) range from 0.66 to 0.90. The composite reliability (CR) estimates 
ranges from 0.30 (for pedagogies) to 0.90 (for management of learning resources and 
metadata ontologies), indicating acceptable reliability values except for the latent 
construct pedagogies. Despite the low composite reliability value for pedagogies, the 
inclusion of this construct does not affect a good overall model fit. The results of the 
convergent validity assessed based on factor loading and composite reliability 
indicate an acceptable range of factor loading for all factors, with good composite 
reliability for management of learning resources and management effectiveness, 
reasonable reliability for technologies, and mediocre reliability for pedagogies. 
Table 9.13 presents the GOF measures for the initial measurement models (unshaded 
rows) and the final measurement models (green shaded rows) for all constructs. The 
last two rows represent GOF measures for the final full measurement model and 
recommended values for acceptable GOF (pink shaded row). The overall GOF 
measures for some of the initial measurement models do not meet the acceptable 
criteria, as shown in Table 9.13. These models have subsequently been revised based 
on assessment of factor loading and modification indices suggestion. The final GOF 
measures for all the individual measurement models and the final full measurement 
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model are within the acceptable range, with non-significant χ2 (P>0.05), GFI, AGFI 
and TLI values greater than 0.9, and RMSEA value < 0.10.  
Table 9.12 Summary of Final Measurement Model Results  
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PED 
* 
0.61 0.30 Explorative 
strategy 
P3 5.26 0.66 0.44 11.60 *** 
Adaptive strategy P4 5.25 0.66 0.44 11.60 *** 
T&LR 
** 
0.81 0.65 Concept mapping 
resources 
LR8 5.16 0.67 0.45 13.12 *** 
Concept mapping 
technologies 
T8 4.88 0.66 0.44 13.12 *** 
Push technologies T9 5.16 0.73 0.53 13.12 *** 
MDO 
*** 
0.94 0.90 Prerequisite MO10 5.11 0.95 0.89 19.26 *** 
Co-requisite MO11 5.01 0.95 0.89 19.26 *** 
MGMT 
**** 
0.72 0.67 Consistent 
presentation 
M4 6.07 0.75 0.56 14.16 *** 
Search and 
retrieval facility 
M7 6.05 0.75 0.56 14.16 *** 
ME 
***** 
0.91 0.67 Accessibility ME2 5.55 0.75 0.56 12.37 *** 
Quality ME3 5.48 0.87 0.76 15.53 *** 
Relevance ME4 5.49 0.88 0.78 15.89 *** 
Course specific ME5 5.60 0.80 0.64 13.60 *** 
Save time ME7 5.47 0.81 0.66 14.00 *** 
ELE 
****** 
0.78 0.90 Stimulating ELE5 5.42 0.80 0.64 10.20 *** 
Critical thinking 
skills 
ELE6 5.48 0.80 0.64 10.20 *** 
Abbreviated constructs 
PED* Pedagogies 
T&LR** Technologies and learning resources 
MDO** Metadata ontologies 
MGMT **** Management of learning resources 
ME ***** Management effectiveness 
ELE ****** E-learning effectiveness 
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Table 9.13 Initial and Final Measurement Models: GOF Measures 
The development of an iterative measurement model has resulted in the deletion of 
32 factors at the convergent validity stage, and nine factors during the discriminant 
validity stage, in addition to the deletion of five factors at the reliability stage. This 
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S
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T
L
I 
PED - Initial  3.0
0 
5.12 2.00 0.0
8 
2.56 0.98 0.95 0.09 0.93 
PED - Final 2.0
0 
1.24 1.00 0.2
6 
1.24 0.99 0.98 0.03 0.99 
Technologies - 
Initial  
7.0
0 
38.83 14.00 0.0
0 
2.77 0.95 0.90 0.09 0.86 
Learning 
resources-  Initial  
8.0
0 
46.49 20.0
0 
0.0
0 
2.32 0.94 0.90 0.08 0.91 
T&LR – Final 3.0
0 
1.63 1.00 0.2
0 
1.63 0.99 0.97 0.06 0.93 
Metadata 
ontologies – 
Initial  
16.
00 
700.2
2 
104.0
0 
0.0
0 
6.73 0.71 0.62 0.17 0.61 
MDO – Final 2.0
0 
0.00 1.00 0.9
5 
0.00 1.00 1.00 0.00 1.00 
MGMT– Initial  8.0
0 
41.46 20.0
0 
0.0
0 
2.07 0.95 0.92 0.07 0.95 
MGMT – Final  2.0
0 
0.46 1.00 0.8
3 
0.05 0.99 0.99 0.00 1.00 
ELE  -Initial  7.0
0 
128.0
4 
14.00 0.0
0 
9.15 0.84 0.68 0.20 0.70 
ELE– Final 2.0
0 
0.33 1.00 0.57 0.33 0.99 0.99 0.00 1.00 
ME – Initial 8.0
0 
68.85 0.00 3.4
4 
0.92 0.86 0.51 0.11 0.93 
ME – Final 5.0
0 
7.71 5.00 0.17 1.54 0.99 0.96 0.05 0.99 
Full 
measurement 
model – Final 
16.
00 
113.7
5 
97.0
0 
0.1
2 
1.17 0.94 0.91 0.03 0.99 
Recommended 
value 
      ≥.0
5 
≤3.0
0 
≥0.9
0 
≥0.9
0 
≤0.10 ≥0.9
0 
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process also requires the combining of technologies and learning resources into one 
construct due to a lack of discriminant validity. Identification of a minimum number 
of the most critical factors is an objective of this study, to facilitate effective 
implementation of the final model. Therefore, deletion of non-critical factors and 
identification of the most crucial factors have been achieved through the iterative 
measurement model process. Table 9.14 presents the details of various factors deleted 
across the constructs, and the reasons for deletion.  
Table 9.14 Factors Deleted and Reasons for Deletion  
Factors Item description Reason for deletion 
P1 Facilities to learn by discussing with peers (e.g. 
group project) 
Low item reliability 
P2 Facilities to learn by doing (e.g. problem-
solving, answering questions) 
Low item reliability 
P5 Diagrammatic view of the course-related 
concepts to enable comprehension (mind 
mapping) 
Lack of discriminant 
validity 
P6 Combination of online learning with face-to-
face learning components  
Low item reliability 
T1 Technologies supporting management of 
learning resources (e.g. Blackboard, WebCT) 
FL <0.5 
T2 Search technologies within the course website 
supporting fast access to required learning 
resources 
FL <0.5 
T3 Technologies to share and learn from peers 
(e.g. email, chat, discussion forums, blogs, 
del.ici.ous) 
Low item reliability 
T4 Audio/video-based lectures with participation 
facilities (e.g. Lectopia, Elluminate Live) 
FL <0.5 
T5 Technologies to enable learning by doing (e.g. 
online quizzes, Second Life, game-based 
learning, problem-based learning)   
FL <0.5 
T6 Retrieval technologies to find relevant external 
learning resources (e.g. Google Search) 
Low item reliability 
T7 Technologies to match the requirements of 
learners in terms of styles, preferences and 
levels (e.g. ITS)  
MI and poor model fit 
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Factors Item description Reason for deletion 
LR1 Online audio/video-based lectures (e.g. 
podcasting, screencasting) synchronised with 
lecture slides 
FL <0.5 
LR2 Resources generated from discussions (e.g. 
FAQ, common misconceptions, difficult 
concepts) 
FL <0.5 
LR3 Authenticated relevant external learning 
resources (e.g. Wikipedia, open courseware, 
simulation exercises) 
Lack of discriminant 
validity 
LR4 Referring to resources to match learning level 
(e.g. basic, intermediary, advanced resources)  
Lack of discriminant 
validity 
LR5 Referring to resources to match styles (e.g. 
visual, auditory, hands-on) 
Lack of discriminant 
validity 
LR6 Referring to resources to overcome my 
computer technical constraints (e.g. provide 
audio and text transcription for learners with 
bandwidth restriction, software restrictions) 
MI and poor model fit 
LR7 Interactive learning resources (e.g. multimedia 
resources, quizzes, problems, simulations)   
Lack of discriminant 
validity 
M1 Access to all course-related learning resources 
on the course website 
Lack of discriminant 
validity 
M2 Access to quality external resources (e.g. 
context specificity, relevancy, quality, 
accessibility of learning resources ) 
Lack of discriminant 
validity 
M3 Indexed learning resources for fast access to 
resources 
Lack of discriminant 
validity 
M5 Distribution of resources through multiple 
means (e.g. email, post, uploading from course 
website)  
FL <0.5 
M6 Sharing of learning resources with peers FL <0.5 
M8 Reuse of materials for next level of learning 
activity 
Lack of discriminant 
validity 
MO1 Use of keywords  FL <0.5 
MO2 Use of author name FL <0.5 
MO3 Use of summary of a learning resource 
(document or internet link) for judging the 
relevance 
FL <0.5 
MO4 Use of acronyms (e.g. USA for United States of 
America) 
FL <0.5 
MO5 Use of abbreviations (e.g. ER for entity 
relationship) 
FL <0.5 
MO6 Use of type of resources (e.g. audio, video, 
PDF) 
MI and poor model fit 
MO7 Use of level of resources (e.g. basic, 
intermediate, advanced) 
MI and poor model fit 
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Factors Item description Reason for deletion 
MO8 Time duration of the resource (e,g, video, 
audio)  
MI and poor model fit 
MO9 Characteristic of the resource (e.g. definition, 
meaning, test, discussion) 
MI and poor model fit 
MO12 Follow-up resources to advance learning (e.g. 
non-linear equations to follow linear 
equations) 
MI and poor model fit 
MO13 Authenticity of the resource (e.g. from 
reputable source/university) 
MI and poor model fit 
MO14 Frequency of use of these resources by other 
learners 
FL <0.5 
MO15 Accessibility of the link (i.e. HTML page not 
found error)  
FL <0.5 
MO16 Suitability of the resource for learning styles 
(e.g. auditory, visual, hands-on) 
MI and poor model fit 
ME1 Availability of learning resources  FL <0.5 
ME6 Access to learning resources to adapt to 
individuals’  requirements 
Lack of discriminant 
validity 
ME8 Reusability of learning resources  MI and poor model fit 
ELE1 Achievability with respect to course learning 
outcomes 
MI and poor model fit 
ELE2 Achievability with respect to final grades MI and poor model fit 
ELE3 Satisfaction from knowledge acquisition MI and poor model fit 
ELE4 Likelihood of finding a prospective career  MI and poor model fit 
ELE7 Acquisition of communication skills through 
learner-centred methods 
MI and poor model fit 
 
9.5 An E-learning Success Model 
This section reports the results from the second step of estimating the structural 
model, as derived from an assessment of the final full measurement model. The 
structural model is evaluated based on three measures: overall GOF measures, ability 
to explain the variance in the dependent variables, and significance of the estimates 
of model coefficients. Refer to Chapter 5 for detailed explanations and the criteria set 
for each of these measures. As shown in Figure 9.7, the structural model contains six 
latent constructs, as opposed to the original seven constructs in the alternative model. 
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The final revised structural model contains technologies and learning resources as a 
single combined construct due to a lack of discriminant validity, as noted earlier. This 
has resulted in a reduced number of hypotheses, from 11 to 9. Hypotheses H2a and 
H2b have been coupled and denoted as H2, while hypotheses H5a and H5b have been 
coupled and denoted as H5. The original hypothesised alternative model (column 1 in 
figure) and the final structural model (column 2) are displayed and compared in 
Figure 9.7. The final structural model shows the path coefficients and the explanatory 
power (R2) for each dependent construct, and non-significant paths are represented 
by dotted lines. 
The first criterion considered for assessment of the structural model is overall GOF 
measures. The GOF measures and recommended values for the structural model, as 
shown in Table 9.15, suggest this model displays a good fit for the study’s dataset. 
Model χ2 result of 112.04 with 92 DF is non-significant at 0.08. In addition, χ2 /df 
result of 1.22 indicates a good fit, and GFI, AGFI and TLI results also indicate a good 
fit, with values greater than 0.90 for each of these measures. An RMSEA of 0.03 is 
also within the recommended value of 0.1.  
Table 9.15 GOF Measures for Structural Model 
GOF measures Results Recommended values 
Chi square 112.04  
DF 92.00  
Probability 0.08 ≥0.05 
Chi square/DF 1.22 ≤3.00 
GFI 0.94 ≥0.90 
AGFI 0.91 ≥0.90 
RMSEA 0.03 ≤0.10 
TLI 0.98 ≥0.90 
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Figure 9.6 Hypothesised Alternative Model and Final Structural Model 
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The second criterion considered for the structural model is the explanatory power 
(R2) of each endogenous (dependent) construct. These results indicate that the model 
accounts for 50% of the variance in e-learning effectiveness, 41% of the variance in 
management of learning resources, and 18% of the variance in management 
effectiveness, as shown in Table 9.16.  
Table 9.16 Explanatory Power of Structural Model 
The third criterion considered is significance of the estimated model coefficients for 
all structural paths in the structural model. The hypothesised alternative model 
proposes positive significant relationships between each of the various latent 
constructs. Table 9.17 presents the hypothesis results from the structural models 
comprising the hypothesis statements, their path coefficient values, the significance 
of each hypothesis, and the results in terms of acceptance or rejection of each 
hypothesis. As shown in this table, the results of the structural model indicate strong 
support (rows with green shade) for H8, H5 and H3, with path coefficient values of 
0.42, 0.41 and 0.33 respectively (p<0.001). The results show moderate support for 
H7, H6 and H2 (rows with orange shade), with path coefficient values of 0.29, 0.25 
(p<0.01) and 0.22 (p<0.05) respectively. The results show weak support for H9, with 
a path coefficient value of 0.15, although it is significant at 0.05. However, the results 
indicate the rejection of H1 and H4 (rows with red shade), implying that pedagogies 
factors have a non-significant effect on both e-learning effectiveness and 
management of learning resources.  
Dependent latent constructs Estimate (R2) 
E-learning effectiveness 0.41 
Management effectiveness 0.18 
Management of learning resources 0.50 
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Table 9.17 Structural Model: Hypothesis Results 
This study suggests reasonably strong support for three, medium to weak support for 
four, and no support for two of the nine hypothesised relationships with statistically 
significant path coefficient values. The study’s findings also show that the e-learning 
effectiveness, as perceived by e-learners, can be explained by management of learning 
resources, technologies, learning resources and metadata ontologies supporting 
management of learning resources. Hence, this study suggests that to enhance the e-
learning effectiveness, management of learning resources and the factors influencing 
Hypothesis Path Significance Result 
H1: Preferred pedagogies positively 
influence the e-learning effectiveness 
-0.08 n.s No 
H2: Preferred technologies and learning 
resources supporting various pedagogies 
positively influence the e-learning 
effectiveness 
0.22 
(0.37) 
* Yes 
H3: Preferred elements of metadata 
ontologies positively influence the e-
learning effectiveness 
0.33 
(0.42) 
*** Yes 
H4: Preferred pedagogies positively 
influence the management of learning 
resources 
0.16 n.s No 
H5: Preferred technologies and learning 
resources supporting various pedagogies 
positively influence the management of 
learning resources 
0.41 *** Yes 
H6: Preferred elements of metadata 
ontologies positively influence the 
management of learning resources 
0.25 ** Yes 
H7: Preferred management of learning 
resources positively influences the e-
learning effectiveness 
0.29 
(0.35) 
* Yes 
H8: Preferred management of learning 
resources positively influences the 
management effectiveness of learning 
resources 
0.42 *** Yes 
H9: Perceived management effectiveness 
influences the e-learning effectiveness 
0.15 * Yes 
*p<0.05; **p<0.01;  *** p<0.001 
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this construct are the most crucial. The results also imply that e-learners perceive 
that the embracement of pedagogies does not influence the e-learning effectiveness, 
unless accompanied by the associated technologies and management of learning 
resources derived from those pedagogies.  
Table 9.18 Structural Model :Total, Direct and Indirect Effects 
In addition to the direct effect reported above with the path coefficient values in 
Table 9.17, Table 9.18 reports the total effects (direct and indirect) estimated for the 
structural model (refer Appendix VI for detailed results). The total effects are 
presented within brackets (purple shaded cells) in Table 9.17 in the path coefficient 
values column, and in green shaded cells in Table 9.18. The indirect effects have 
increased the total effect of three path coefficients, H2, H3 and H7, to 0.37, 0.42 and 
Total T&LR 
** 
MDO 
*** 
PED 
* 
MGMT 
**** 
ME 
***** 
ELE 
****** 
MGMT 0.41 0.25 0.16 0.00 0.00 0.00 
ME 0.17 0.11 0.07 0.42 0.00 0.00 
ELE 0.37 0.42 -0.02 0.35 0.15 0.00 
Direct T&LR MDO PED MGMT ME ELE 
MGMT 0.41 0.25 0.16 0.00 0.00 0.00 
ME 0.00 0.00 0.00 0.42 0.00 0.00 
ELE 0.22 0.33 -0.08 0.29 0.15 0.00 
Indirect T&LR MDO PED MGMT ME ELE 
MGMT 0.00 0.00 0.00 0.00 0.00 0.00 
ME 0.17 0.11 0.07 0.00 0.00 0.00 
ELE 0.15 0.09 0.06 0.06 0.00 0.00 
Abbreviated constructs 
PED* Pedagogies 
T&LR** Technologies and learning resources 
MDO*** Metadata ontologies 
MGMT **** Management of learning resources 
ME ***** Management effectiveness 
ELE ****** E-learning effectiveness 
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0.35 respectively. That is, technologies and learning resources, metadata ontologies, 
and management of learning resources have a great deal more impact on the e-
learning effectiveness based on the total effect.  
9.6 Concluding Remarks 
The purpose of this chapter is to evaluate the alternative model using the survey 
dataset gathered from the perspectives of e-learners. In order to do so, the alternative 
model is first presented to indicate the relationships between constructs and 
associated hypotheses; the results of the measurement models for each of the 
constructs are then reported; and the structural model and findings from evaluating 
the alternative model are lastly discussed. 
The iterative measurement model development has resulted in combining two 
constructs (technologies and learning resources) into one due to a lack of 
discriminant validity. In addition, the iterative measurement process has resulted in 
the deletion of 32 factors at the convergent validity stage, and nine factors during the 
discriminant validity stage, and the retention of 16 factors at the final structural 
model development stage. 
The findings from the structural model results provide answers to two altered 
research questions previously referred to in this chapter. To restate, the first altered 
subsidiary research question is: 
What are the critical factors within each key dimension for facilitating 
enhancement of the e-learning effectiveness from e-learner’s perspective?  
In answering this question, the results suggest a total of 16 factors from various 
constructs as critical in influencing e-learning effectiveness. More specifically, factors 
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identified as critical are: explorative strategy (P3) and adaptive strategy (P4) from 
pedagogies construct; concept mapping resources (LR8), concept mapping 
technologies (T8) and push technologies (T9) from the combined technologies and 
learning resources construct; consistent presentation (M4) and search and retrieval 
facility (M7) from management of learning resources construct; prerequisite (MO10) 
and co-requisite (MO11) from metadata ontologies construct; accessibility (ME2),  
quality (ME3), relevance (ME4), course specific (ME5) and save time (ME7) from 
management effectiveness construct; and stimulating (ELE5) and critical thinking 
skills (ELE6) from e-learning effectiveness construct. 
 The second altered subsidiary research question is:   
How to evaluate the interaction between the critical e-learning ecosystem 
dimensions in influencing the e-learning effectiveness from e-learner’s 
perspective? 
The interaction between e-learning ecosystems is evaluated by examining the direct 
and indirect influence of latent constructs on e-learning effectiveness from the 
perceptions of e-learners. The results support the following four hypotheses from the 
alternative model: 
H2: Preferred technologies and learning resources supporting various 
pedagogies positively influence the e-learning effectiveness. 
H3: Preferred elements of metadata ontologies positively influence the e-
learning effectiveness. 
H5: Preferred technologies and learning resources supporting various 
pedagogies positively influence the management of learning resources.  
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H6: Preferred elements of metadata ontologies positively influence the 
management of learning resources. 
H7: Preferred management of learning resources positively influences the e-
learning effectiveness. 
H8: Perceived management of learning resources positively influences the 
management effectiveness of learning resources. 
H9: Perceived management effectiveness positively influences the e-learning 
effectiveness. 
In contrast, the results do not support the following two hypotheses from the 
alternative model: 
H1: Preferred pedagogies positively influence the e-learning effectiveness. 
H4: Preferred pedagogies positively influence the management of learning 
resources.  
Overall, the results indicate that the critical constructs influencing e-learning 
effectiveness, as perceived by e-learners, are management of learning resources, 
technologies and learning resources, metadata ontologies, and management 
effectiveness. The results also indicate a lack of influence of pedagogies per se on the 
e-learning effectiveness.  
 
  
Chapter 10 
Conclusions 
“The important thing is to not stop questioning.” 
Albert Einstein 
 
10.1 Introduction 
The main objective of this study is to evaluate the critical interrelated dimensions of 
the e-learning ecosystems concurrently, for enhancing the effectiveness of e-learning. 
In particular, this study considers four critical dimensions of e-learning ecosystems 
(pedagogies, technologies, learning resources and management of learning resources) 
and their influence on enhancing the e-learning effectiveness based on the 
perceptions of major e-learning stakeholders. The purpose of this chapter is to 
summarise the findings of this study, discuss the implications of the findings for 
policy-makers, and make suggestions for further research in this area. 
This chapter is organised into five sections. Section 10.2 summarises the key findings 
of this study by revisiting each of the study objectives. Section 10.3 provides a 
comparative analysis of qualitative and quantitative findings. Section 10.4 discusses 
the implications of the findings for policy-makers and decision-makers in the e-
learning environment. Section 10.5 covers the research contributions of this study, 
followed by the limitations of this study in Section 10.6. Section 10.7 then provides 
some suggestions for future research in these areas.  
10.2 Summary of Findings  
The primary objective of this study is to evaluate an e-learning ecosystem model 
incorporating the four critical e-learning ecosystem dimensions for gaining a better 
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understanding of the intertwined critical factors influencing the e-learning 
effectiveness, based on the perceptions of main e-learning stakeholders. The specific 
research objectives and their findings are summarised as follows. 
The first objective of developing a theoretical framework considering the key 
dimensions of an e-learning ecosystem is presented in Chapter 4. In Chapter 3, a 
thorough analysis of literature reveals that various types of interaction, such as 
interaction between major players and LOs, interaction between learners, and 
interaction between systems and LOs, are critical for e-learning success. The 
rationale for the development of such a theoretical framework arises from the lack of 
an overarching model embracing multiple types of interaction based on multiple 
learning theories. To overcome this limitation, the proposed framework has 
considered both explicit and implicit relationships between the four critical e-
learning ecosystem dimensions (pedagogies, technologies, learning resources and 
management of learning resources). This framework has been used as the basis for 
developing conceptual models and to conduct further analysis in answering the 
study’s subsidiary research questions.  
The second objective consists of two parts. The first part is presented in Chapter 6 
through identification of critical factors hindering the e-learning effectiveness from e-
learning providers’ perspectives. The second part has been fulfilled in three stages. In 
the first stage, critical dimensions are identified in the literature review (Chapter 3). 
In the second stage, the identified critical dimensions are triangulated via qualitative 
analysis (Chapter 6) from e-learning providers’ perspectives. In the third stage, 
further identified critical dimensions are evaluated from e-learners’ perspectives via 
quantitative analysis (Chapters 8 and 9).  
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In regards to factors hindering e-learning success, the findings from the qualitative 
phase of the study highlight several barriers to e-learning success. These barriers 
include a lack of understanding of the technologies behind various pedagogies, 
insufficiencies of popular LMS and the lack of sustainability of LOR.  
These qualitative findings, based on e-learning providers’ perceptions, support the 
influence of three critical dimensions for e-learning success: pedagogies, technologies 
and learning resources. However, there is no unanimous support on the influence of 
management of learning resources and related constructs, such as metadata 
ontologies and management effectiveness, in contributing to the enhancement of the 
e-learning effectiveness. 
These quantitative findings suggest that e-learning effectiveness is highly influenced 
by a number of constructs: technologies and learning resources, management of 
learning resources, metadata ontologies, and management effectiveness. The findings 
also suggest a lack of influence of pedagogies and learning resources on enhancing 
the e-learning effectiveness. 
The third objective of identifying the factors facilitating and hindering the 
enhancement of the e-learning effectiveness has been realised in two stages: 
hindering factors and facilitating factors. In the first stage, a number of factors 
hindering the enhancement of the e-learning effectiveness has been accomplished in 
the qualitative phase (Chapter 6). Many barriers to adoption of various pedagogies 
associated technologies, such as lack of appreciation of educational theories 
underpinning some of the technologies and under-utilisation of available 
technologies due to lack of understanding of the potentials of the systems, have been 
identified. In addition, various barriers to creating RLOR and associated metadata 
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ontologies in e-learning have been identified. Specific barriers include limited LMS 
support, workload issues, quality of LOs, sustainability of LOR, granularity of LOs 
without losing the contextual value, knowledge and information sharing issues, 
copyright restrictions, and version control issues.  
In the second stage, identification of the critical factors within each dimension is 
accomplished in three phases. In the first phase, 38 factors have been identified from 
the review of literature (Chapters 3 and 4). In the second phase, through an iterative 
interview process, literature review and analysis of the interview transcripts, an 
extension of the number of factors (from 38 to 47 factors) has resulted for measuring 
all four e-learning ecosystem dimensions (Chapter 6). In addition, two impact 
dimensions consisting of 15 factors have been incorporated, resulting in a total of 62 
factors. In the third phase, the identified critical factors within each dimension have 
been tested using SEM. This has resulted in identification of 16 critical factors for the 
final structural model (Chapter 9).  
Specifically, critical factors identified within each of the constructs are: explorative 
strategy and adaptive strategy for pedagogies; concept mapping resources, and 
concept mapping and push technology for technologies and learning resources; 
consistent presentation and search for management of learning resources; 
prerequisite and co-requisite for metadata ontologies; accessibility, quality, 
relevance, course-specific and save time for management effectiveness; and 
stimulating and critical thinking skills for e-learning effectiveness. It is also 
important to note that the least number of critical factors is fundamental for 
achieving sustainable e-learning success. This is accomplished through identification 
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of critical factors from the original comprehensive list identified in the literature and 
qualitative stages of this study.  
The fourth objective of developing conceptual e-learning success models has been 
accomplished in three phases. First, the base model developed from the initial review 
of literature considers the direct influence of six e-learning constructs on the e-
learning effectiveness (Chapter 6). Second, refinement of the base model has resulted 
in proposing an e-learning success model considering both direct and indirect 
influences of e-learning constructs on the e-learning effectiveness (Chapter 6). Third, 
the e-learning success model has been further refined to develop an alternative model 
reflecting the direct and indirect influence of the management of learning resources 
on the e-learning effectiveness (Chapter 9).  
The fifth objective of evaluating the interaction between the critical e-learning 
ecosystem dimensions in influencing the e-learning effectiveness has been performed 
in three stages. First, the base model is evaluated based on the perceptions of e-
learning providers in Chapter 6. The qualitative analysis results in Chapter 6 indicate 
that e-learning providers perceive pedagogies, technologies and learning resources as 
positively influencing the e-learning effectiveness. However, the findings also indicate 
a lack of support for the positive influence of management of learning resources and 
metadata ontologies on the e-learning effectiveness.  
Second, the base model proposed in Chapter 6 has been further evaluated based on 
the quantitative perceptions of e-learners in Chapter 8. The association between the 
summated six e-learning dimensions and the e-learners’ perceived impact on e-
learning effectiveness has been evaluated using bivariate and MRA. It suggests that 
the effectiveness of e-learning is highly influenced by metadata ontologies, 
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technologies and management effectiveness, followed by management of learning 
resources. The results also indicate a lack of influence of pedagogies and learning 
resources on enhancing the e-learning effectiveness.  
Third, the alternative model has been evaluated using CFA and SEM in Chapter 9. 
The results are somewhat similar to the findings from the base model evaluation. The 
findings identify the direct and indirect influence of moderating constructs on 
enhancing the e-learning effectiveness. A limited number of critical factors within 
each construct have also been identified in this phase, which would facilitate the 
practical implementation of the proposed model as feasible for sustainable e-learning 
success. In summary, the evaluation of the refined alternative model clearly indicates 
that the key constructs influencing e-learning effectiveness, as perceived by e-
learners, are technology and learning resources, metadata ontologies, management 
effectiveness, and management of learning resources. The results clearly suggest that 
pedagogies per se do not influence the e-learning effectiveness.  
10.3 A Comparative Analysis  
A comparison of the critical dimensions for influencing the e-learning effectiveness 
from the perceptions of e-learning providers and e-learners reveals disparity at both 
dimensions and factors levels. The comparative analysis is presented for pedagogies, 
technologies and learning resources, and management of learning resources. For 
each of these dimensions, the analysis is organised into two parts: (a) differences in 
findings, and (b) the reasons for those differences or the challenges in practising.  
With respect to pedagogies, the qualitative results indicate the criticality of using 
multiple pedagogies to enhance the e-learning effectiveness. There are some 
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differences, however, among e-learning providers on which pedagogy is most 
effective for a specific subject area. In contrast to this, the quantitative results suggest 
that the pedagogies per se are not critical from an e-learner’s perspective. This 
quantitative result is inconsistent with the literature findings of the positive role of 
pedagogies in influencing the e-learning effectiveness (Arbaugh, 2000; Klobas et al., 
2000; Swan, 2001; Walker et al., 2005).  
However, this is consistent with the view that “pedagogy and interactions are 
determined by the system rather than the learner or instructional designer by virtue 
that they are tool driven (i.e. chat, discussion, Webpage development, e-mail, etc.)” 
(Carmean & Brown, 2005, p. 155). Analogous with this view, Brennan, McFadden and 
Law (2001, p. 6) reported that “there is a disjunction between the reform pedagogy 
assumptions that policy-makers hold and what actually happens. And it is not 
surprising because in the online environment it is shockingly difficult to get beyond 
transmission”.  
In addition to the above, some of the probable reasons that could be attributed to the 
differences in perceptions of e-learners and e-learning providers are as follows. For e-
learners, the pedagogies are at the back-end of the e-learning system. That is, they are 
‘behind the scenes’, meaning that they are not of any concern to e-learners. In 
contrast, choice of pedagogies is a central issue for e-learning providers, as the e-
learning course design is based on pedagogies. In summary, e-learners are more 
interested in what is provided to them. Consequently, they are not interested in the 
‘how’ aspects embraced by the pedagogies in the e-learning environment. However, 
the ‘how’ aspects of pedagogies are critical for e-learning providers, which are crucial 
for design and development of an e-learning course. Further research by collecting 
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the views of both e-learners and e-learning providers using an identical survey 
instrument simultaneously will provide more insights into the criticality of 
pedagogies in enhancing the e-learning effectiveness.  
In regards to technologies and learning resources, both e-learning providers and e-
learners perceive them to be critical for e-learning success. This is in line with 
literature findings that technology positively influences the e-learning effectiveness 
(Chandra et al., 2008; Conole et al., 2008; Govindasamy, 2001; Kim et al., 2007; 
Kopper et al., 2005; Miah, 2004). The differences identified relate to the extent of 
actual use by e-learning providers, and the preference for those technologies and 
learning resources by e-learners. For instance, the qualitative study indicates a lack of 
wide use of technologies and learning resources supporting active learning, visual 
learning, explorative learning, etc., in reality. One of the most prevalent technologies 
in reality is technologies supporting collaborative learning integrated in LMS. Even 
within those collaborative technologies, the qualitative phase identifies under-
utilisation of the potentials of this approach. In contrast, the quantitative phase 
confirms the criticality of technologies and learning resources related to concept 
mapping, and concept mapping and push technology to enhance the e-learning 
effectiveness. However, the earlier qualitative phase suggests a lack of wider use of 
concept mapping technologies and associated resources.  
The qualitative phase of this study also identifies many challenges in incorporating 
the key factors identified within this dimension, as discussed in Chapter 6. One of the 
reasons for this is lack of understanding of the theory behind these technologies and 
lack of knowledge on the full potential of these technologies. Other barriers identified 
for embracing the technologies and learning resources are time and effort required in 
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creating the resources. In summary, there are some similarities and differences in 
perceptions of e-learners and e-learning providers on the influence of the 
technologies and learning resources on the e-learning effectiveness.  
With respect to management of learning resources, the qualitative findings suggest a 
lack of unanimous views about its positive influence on enhancing e-learning 
effectiveness. As a result, the learning resources generated are not transferred to 
RLOR and cannot be reused by other major e-learning stakeholders. In addition, the 
findings clearly indicate a lack of support for creation of metadata ontologies to 
enhance reusability and searchability of learning resources. This is not in line with 
those literature findings that have indicated the positive role of management of 
learning resources (Bonastre et al., 2005; Collis et al., 2002; Demidova et al., 2005; 
Erosa et al., 2007; Morville, 2005; Shaw, 2010), metadata ontologies (Hatem et al., 
2005; Marshall et al., 2003; Rokou, 2004; Stojanovic et al., 2001; Winne et al., 2006; 
Yang et al., 2006) and management effectiveness (George et al., 2009; Shaw et al., 
2004; Sridharan et al., 2007) in enhancing the e-learning effectiveness. In 
comparison, the quantitative results are consistent with these literature findings, 
identifying management of learning resources, including metadata ontologies and 
management effectiveness, as the most critical dimensions in enhancing the e-
learning effectiveness. 
Many reasons can be attributed to the philosophical differences in perceptions 
between e-learning providers and e-learners on the influence of management of 
learning resources and metadata ontologies in an e-learning context. For e-learning 
providers, one of the main reasons for not considering the management of learning 
resources is the lack of time and huge amount of effort required in implementing 
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activities related to management of learning resources and metadata ontologies 
creation. Other identified reasons include resistance to share resources, copyright 
problems, quality, granularity, version control and validation of learning resources 
and metadata ontologies. In contrast, quick accessibility to relevant and authentic 
resources is critical for e-learners’ knowledge acquisition process. A more in-depth 
study that gathers data simultaneously from the major stakeholders based on a single 
survey instrument will provide more insight into these differences in perceptions. 
Table 10.1 summarises the similarities and differences in the perceptions between e-
learning providers and e-learners on e-learning ecosystem dimensions, based on the 
qualitative and quantitative findings. It transpires that both e-learning providers and 
e-learners view the use of technologies and learning resources as critical for e-
learning success. However, due to practical difficulties, many technologies and 
learning resources are not widely practised in reality. One of the key obstacles 
identified in this regard is a lack of LMS for incorporating various technologies 
supporting identified pedagogies. As noted previously, there is a notable disparity in 
views between e-learning providers and e-learners with respect to the influence of 
management of learning resources and metadata ontologies on the e-learning 
effectiveness. 
In summary, the comparative analysis of results indicates both similarity and 
disparity among perceptions of dimensions influencing the e-learning effectiveness. 
In regards to disparity, the analysis reveals differences in perceptions on two e-
learning ecosystem dimensions influencing e-learning effectiveness: pedagogies and 
management of learning resources. With respect to similarities, the analysis reveals 
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similarity in perceptions of the other two e-learning ecosystem dimensions 
influencing the e-learning effectiveness: technologies and learning resources.  
Table 10.1 Comparison of Qualitative and Quantitative Findings 
10.4 Implications 
The research findings suggest the need for various policy initiatives for an effective 
implementation of the final proposed e-learning ecosystem model. This involves 
adequately addressing the barriers identified from this study, and using a pragmatic 
approach to incorporate the critical factors identified for sustainable e-learning. 
A number of barriers are identified in this study as requiring attention from the 
policy-makers in the e-learning environment. Specific barriers identified include: (a) 
lack of appreciation of educational theories underpinning the technologies; (b) 
under-utilisation of available technologies due to lack of understanding of the 
technologies and systems; (c) lack of proactive role by teaching faculties due to time 
Dimension E-learning providers’ 
perceptions 
(qualitative findings) 
E-learners’ perceptions 
(quantitative findings) 
Pedagogies Perceived as critical, but not 
widely practised in reality 
Not perceived as critical 
Technologies 
and learning 
resources 
Perceived as critical, but many 
obstacles and challenges 
Perceived as critical, 
particularly concept/topic 
mapping related 
technologies and resources 
Management of 
learning 
resources  
(including 
metadata 
ontologies) 
Perceived as critical only by a few, 
but many challenges and 
obstacles 
Perceived as critical, 
particularly search facilities 
and presentation of LOs 
Perceived as important, 
particularly prerequisite 
and co-requisite details 
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and resource constraints, and their lack of interest; (d) inability of existing LMS to 
provide support for various pedagogies and management of RLOR; (e) enormity of 
effort involved in validating and maintaining LOR; (f) barriers to sharing LOs; and 
(g) problems arising from the copyright issues in sharing LOs. A better understanding 
of these and other barriers would help e-learning policy-makers and stakeholders 
develop appropriate strategies and policies for implementation of the proposed 
model towards creating a sustainable e-learning ecosystem.  
Key constructs identified from this study for e-learning success include technologies 
and learning resources, management of learning resources, metadata ontologies, and 
management effectiveness. However, considering that e-learning course 
requirements are different for various courses, the choice of constructs and critical 
factors should also be based on attributes like the type of course, objectives of the 
course, audience for the course, and learners’ backgrounds and teachers’ expertise in 
using these critical constructs and factors. In addition, adoption of appropriate 
pedagogies is critical for design and development of an e-learning course at the back-
end of an e-learning ecosystem. Therefore, pedagogies have a critical role to play in 
enhancing the e-learning effectiveness.  
In summary, pragmatic policy measures to incorporate the identified critical factors 
and materialise the visions relating to sustainable e-learning success are: 
• the adoption of appropriate pedagogies suitable for a given course; 
• the provision of technologies and learning resources supporting the chosen 
pedagogies; 
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• the proactive involvement of teachers in encouraging and fostering 
appropriate use of the chosen pedagogies and associated technologies; 
• developing an understanding of theories behind those technologies; 
• developing an understanding of the potentials of those technologies; 
• the management and reuse of resources generated from the use of various 
strategies; 
• the creation of a selected few metadata ontologies based on the course 
requirements;  
• the alignment of pedagogies, technologies, learning resources and 
management of learning resources;  
• removing the disparity between e-learners’ demands and e-learning providers’ 
provision of facilities; and 
• tackling the quality, granularity, version control of LOs and copyright issues 
through various policy measures. 
10.5 Research Contributions 
This study contributes to the e-learning domain in a number of ways:  
• This study successfully evaluates the role of four critical e-learning ecosystem 
dimensions (pedagogies, technologies, learning resources and management of 
learning resources) in enhancing the effectiveness of e-learning.  
• This study extends theory development by developing a novel e-learning 
ecosystem framework considering the four critical dimensions of the e-
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learning ecosystem for sustainable e-learning success. Based on this 
framework, this study further proposes two conceptual e-learning success 
models for testing the validity of the framework.  
• The conceptual models have been tested considering both e-learning 
providers’ and e-learners’ perspectives. This has led to the identification of the 
critical dimensions from the perspective of major stakeholders in the e-
learning environment.  
• This study sheds light on preferences for individual pedagogies, associated 
technologies, learning resources and management factors by major 
stakeholders in a higher educational setting within Australia. This has resulted 
in the identification of a comprehensive list of success factors within each 
dimension for sustainable e-learning.  
• This study identifies various issues and challenges contributing to and 
hindering the implementation of the e-learning ecosystem framework from the 
perspective of e-learning providers. 
• Several barriers have been identified in this study in creating RLOR and 
associated metadata ontologies in e-learning. Particular issues revealed 
include LMS support, workload issues, quality of LOs, sustainability of LOR, 
granularity of LOs without losing the contextual value, knowledge and 
information sharing issues, copyright restrictions, and version control issues.  
• This study identifies the need for more concerted policy measures to eliminate 
the identified barriers and to adopt an effective e-learning model through use 
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of appropriate pedagogies, underpinning technologies and management of 
learning resources. 
• The results of the study will help major stakeholders, such as e-learning 
providers, e-learners and general higher educational institutions, to 
implement policy measures to incorporate the identified critical factors for 
enhancing the e-learning effectiveness. 
10.6 Limitations 
The mixed methodology approach in this study provides a rich insight into the 
dynamics of various critical success factors embedded in an e-learning ecosystem. 
However, one of the main limitations of this study is the inability to consider all e-
learning stakeholders in both of the approaches due to time constraints and 
compliance to ethics requirements. This could have made the study much more 
reliable in terms of comparability of the findings. Furthermore, there are several 
limitations to the specific qualitative and quantitative approaches used in this study.  
The qualitative approach of information gathering from various e-learning providers 
comes with various limitations, even though it is appropriate for identifying what 
factors make e-learning effective. The limitations of the qualitative approach are as 
follows: 
• First, due to the small sample size, sampling errors can arise. To some extent, 
efforts have been made to reduce these sampling errors by sourcing 
participants from different universities to ensure a wide range of participants. 
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• Second, the small sample size means that the study’s observations cannot be 
generalised. In addition, qualitative analysis of interviews often means lack of 
generalisation.  
• Third, another limitation is the exclusion of e-learners in this qualitative stage 
– an important stakeholder in the e-learning environment. 
• The limitations of the quantitative approach are as follows: 
• First, the quantitative stage considers the preferences and perceptions of e-
learners only, and other stakeholders such as teachers and educational 
developers are not taken into account.  
• Second, this study does not include other soft factors, such as social, 
environmental and psychological factors, which may influence the e-learning 
effectiveness.  
• Third, the sample is confined to a small segment of the RMIT University and 
OUA e-learning population. A larger sample with a more diverse educational 
setting and e-learners from multiple universities may have revealed more 
insightful findings.  
10.7 Future Research  
To overcome many of the limitations noted above, a number of suggestions for future 
research are recommended as follows:  
• First, extend the study by using the interview questions to collect qualitative 
cross-section data from both e-learners and e-learning providers from a larger 
sample with a more diverse educational setting.  
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• Second, use this study’s survey instrument to collect larger samples 
incorporating the views of both e-learners and e-learning providers to facilitate 
more comparable studies. This would enable the conducting of a confirmatory 
study to understand the differences in perceptions between teachers and 
learners, and to gain in-depth insights into the critical success factors 
impacting on the e-learning effectiveness.  
• Third, conduct a comparative study exploring the potential contributing 
factors and the actual factors, which will help to ascertain the policies required 
for effective e-learning.  
• Fourth, conduct controlled experiments that independently evaluate the 
influence of each of the potential determinants, which will help in isolating 
individual determinants.  
• Fifth, regroup factors based on individual pedagogies (e.g. factors from 
pedagogies, associated technologies and learning resources) to identify the 
influence of each strategy on the e-learning effectiveness, which is necessary 
for effective policy decision-making.  
• Sixth, use trend analysis based on extended time series data to examine any 
changes in perceptions of e-learners and e-learning providers over time.  
• Seventh, evaluate the differences between perceptions and actual usage to 
conduct a comparative study.  
• Finally, another study that incorporates other factors, such as tutors’ 
competencies, learners’ characteristics and other soft factors that influence the 
e-learning effectiveness.  
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Appendix I 
Consent Letters, Interview Questions and Questionnaires 
A Consent Letter 
 
 
 
 
 
 
 
March 21, 2007 
Dear Sir/Madam, 
I write to invite you to participate in my research project on the investigation of 
evaluating reusable ontology-based knowledge management support for effective e-
learning. I am a PhD student at the School of Business Information Technology, 
RMIT University, Melbourne, Australia. My supervisors are Professor Bill Martin and 
Associate Professor Hepu Deng. 
With the advancements in information and communication technology (ICT), e-
learning is widely accepted as a popular mechanism for delivering education, in 
particular higher education. Universities and higher educational institutions have 
been using various learning management systems to deliver education via electronic 
and Internet. However, the standard learning management systems have their own 
limitations in management of educational resources. The objective of the project is to 
identification crucial factors to enable effective e-learning in higher educational 
environment. The research finding will enhance effective e-learning process and 
provide recommendations for inclusion of identified critical factors in e-learning 
environment. 
Your participation in this project is to attend an interview conducted by me. The 
interview will be digitally recorded, subject to your consent, to ensure the accuracy of 
the transcription of the interviews. Your participation in the interview is completely 
voluntary, and you can withdraw from the interview at any point of time. Should you 
agree to participate, I can assure you that any data or information supplied will be 
treated in complete confidence, although the research findings may be written up in 
the PhD thesis or in relevant academic journals. In any event, neither individuals nor 
their organizations will be identified without their express permission.  
This research project is subject to the Ethics policy of RMIT University. If you have 
any enquiries at any time about the interview or the procedures in your participation 
of the project, you can contact Bhavani Sridharan by email: 
Bhavani.sridharan@rmit.edu.au, or directly contact the Secretary, Portfolio Human 
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Research Ethics Sub-committee, Business Portfolio, RMIT on telephone: (61-3) 9925 
5594 or email: rdu@rmit.edu.au. 
Thank you very much for your support of my research project. 
Yours faithfully, 
Bhavani Sridharan 
B Online Survey Plain Language Statement 
   
Effective E-learning and Teaching Survey 
Please read this Plain Language Statement. Choose your role as a teacher or a student 
and then click on the 'I Agree' button at the bottom to respond to the survey  
Plain Language Statement 
Dear Sir/Madam, 
I write to invite you to participate in my research project on the evaluation of reusable 
ontology-based knowledge management support for effective e-learning. I am a PhD 
student at the School of Business Information Technology, RMIT University, 
Melbourne, Australia. My supervisor is Associate Professor Hepu Deng. 
The reason I am approaching you for this project is that you are either studying or 
teaching in an online learning environment and your input will help in identification 
of critical success factors for online learning and teaching environment.  
With advances in information and communication technology (ICT), e-learning is 
widely accepted as a popular mechanism for delivering educational programs, 
particularly in the sphere of higher education. Universities and higher educational 
institutions have been using various learning management systems to deliver 
material via electronic channels and the Internet. However, the standard learning 
management systems have their own limitations for the management of educational 
resources. The objective of the project is to identify those factors crucial to the 
enablement of effective e-learning in the higher educational environment. The 
research findings will enhance the effectiveness of the e-learning process and will 
include specific recommendations for the inclusion of the critical factors identified 
within the e-learning environment. I am expecting to get about 300 participants to 
enable me to successfully carry out the research.  
In requesting your participation in this project, anonymity can be assured. Your 
participation in the online survey is completely voluntary, and you can withdraw from 
the process at any time. Completion of the survey would take 10-15 minutes of your 
time. Should you agree to participate, you need to click on the agree button indicating 
your agreement to participation at the bottom of the plain language statement page. 
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This will take you to the survey page and once your have responded to the survey, you 
need to click on the submit button. By clicking the submit button you are implying 
your consent to participate in this research. This project will use secure RMIT 
University server to create, collect, store and analyze the data from the survey. The 
collected data will be stored securely for a period of five (5) years and it will then be 
deleted and expunged. No personal information will be collected in the survey so 
none will be stored as data. I can assure you that any data or information supplied 
will be treated in complete confidence, although the research findings may be written 
up in the PhD thesis or in relevant academic journals.  
This research project is subject to the Ethics policy of RMIT University. If you have 
any enquiries at any time about the interview or the procedures regarding your 
participation in the project, you can contact Bhavani Sridharan by email: 
bhavani.sridharan@rmit.edu.au, or directly contact the Secretary, Portfolio Human 
Research Ethics Sub-committee, Business Portfolio, RMIT on telephone: (61-3) 9925 
5594 or email: rdu@rmit.edu.au. 
Thank you very much for your support of my research project. 
Yours faithfully, 
Bhavani Sridharan 
This questionnaire aims to identify the critical factors as perceived by 
students and teachers involved in an online teaching and learning 
environment. It consists of several sections as follows:  
A. Demographic information  
B. Strategies, technologies and learning resources for e-learning  
C. Critical factors facilitating management of learning resources  
D. Overall impact on effective learning and teaching  
Your help is requested in anonymously answering the questions below. 
Your responses will be strictly confidential. Only summary data from all 
survey participants will be included in the final report.  
Please tick (√) to indicate your role in the e-learning environment 
Teacher  
Student 
Participant’s Consent  I AGREE   
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C Interview Questions 
Section A 
This section includes general questions about you and your views on e-
learning 
1. Please tell me something about yourself in the context of e-learning in your 
current working environment. 
2. What type(s) and level(s) of course(s) you teach, which is delivered via e-learning 
mode? 
3. What is your perception on e-learning? 
4. What is your role in the e-learning environment?  
5. What type(s) of learning management systems used or perceived more effective to 
deliver online course(s).  
• Blackboard 
• WebCT 
• TopClass 
• Self designed website 
• Others please specify ------------------------------ 
Section B 
This section includes questions about your views on strategies for 
teaching and learning 
1. What type(s) of learning strategies are used, in the courses that you currently teach, 
for effective e-learning? (examples given below) 
• Explorative (Providing access to alternative resources) 
• Adaptive (Adapting to the individual requirements of students) 
• Interactive/active (Providing an environment for students to actively 
participate in the learning process) 
• Collaborative (facilitating learners to discuss with peers in knowledge 
acquisition process) 
• Concept mapping techniques (diagram showing relationship between 
different concepts in a subject)  
• Blended learning 
• Others, please specify ------------------------------- 
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2. If you are not using some or all of the above e-learning strategies, what type(s) of 
learning strategies are perceived as useful for effective e-learning? (Examples given 
below) 
• Explorative (Providing access to alternative resources) 
• Adaptive (Adapting to the individual requirements of students 
• Interactive/active (Providing an environment for students to actively 
participate in the learning process) 
• Collaborative (facilitating learners to discuss with peers in knowledge 
acquisition process) 
• Concept mapping techniques (diagram showing relationship between 
different concepts in a subject)  
• Blended learning 
• Others, please specify ------------------------------- 
2. What factor(s) would enhance effective online learning process?  
• Efficient management of all learning resources (acquisition, classification, 
presentation, retrieval and reuse) of learning resources. 
• Provision of learning resources to give both an overall view and selective 
view 
• Provision of multiple learning resources (multimedia, video, audio, text, 
ppt, etc.) 
• Provision of multiple means of learning (multiple learning strategies) 
• Others, please specify----------------------------------- 
Section C 
This section includes questions relating to your views on  factors 
(learning resources, technology factors and other factors) within each 
strategy for effective online learning) 
1. Explorative Learning Strategy 
• What type(s) of explorative strategies are used/ will be used/ perceived 
useful for online learners?  
• What are the technology/ies that can support explorative learning? 
(internet, intranet) 
• What are the learning resources that can be derived from explorative 
learning? 
• How to manage the learning resources from this strategy? (in terms of 
acquisition and other activities)  
• What other factors should be taken into account in order to support this 
strategy? (authentication, validation, level, reuse) 
2. Interactive Learning Strategy 
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• What types of interactive strategies are used/ will be used/ perceived useful 
for e-learners?  
• What are the technology/ies that can support interactive learning? (live 
chat, e-mail, ITS, interactive book, others) 
• What are the learning resources that can be derived from interactive 
learning? (Quiz, problem solving, computer assisted tutorials, drills, 
simulations, online role playing etc.) 
• How to manage the learning resources from this strategy? (indexing, 
keyword, etc.) 
• What other factors should be taken into account in order to support this 
strategy? (authentication, validation, level, reuse) 
3. Adaptive Learning Strategy  
• What types of adaptive strategies is used/ will be used / perceived as useful 
for e-learning students? 
• What are the technology/ies that can support adaptive learning? (adaptive 
ITS, multimedia authoring system) 
• What are the learning resources that can be derived from adaptive 
learning? (audio, video, pdf, doc, viewlet, etc.) 
• How to manage the learning resources from this strategy? (organising 
according to level, preference, style of learners) 
• What other factors should be taken into account in order to support this 
strategy? (catering to differences in level, preference and style) 
4. Collaborative learning Strategy  
• What types of collaborative strategies is used/ will be used / perceived 
useful for e-learning students?  
• What are the technology/ies that can support collaborative learning? 
(Asynchronous mechanisms such as discussion forum, mailing list etc.) 
• What are the learning resources that can be derived from collaborative 
learning? (FAQ, common misconceptions, difficult areas as perceived by 
learners etc.) 
• How to manage the learning resources from this strategy? (refining and 
filtering of quality materials) 
• What other factors should be taken into account in order to support this 
strategy? (reuse of tacit knowledge) 
5. Concept mapping strategy 
• What types of concept mapping strategies are used/ will be used / 
perceived useful for e-learning students?  
• What are the technology/ies that can support this strategy? (Asynchronous 
mechanisms such as discussion forum, mailing list etc.) 
• What are the learning resources that can be derived from this strategy? 
(diagrammatic view of the whole subject, pre-requisite learning resources, 
co-requisite learning resources, successive learning resources) 
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• How to manage the learning resources from this strategy? (access to 
resources either by sequence or selection) 
• What other factors should be taken into account in order to support this 
strategy? (reuse of tacit knowledge) 
6. Provision of all appropriate content 
• What type of contents is used/ will be used / perceived useful for e-learning 
students? (lecture notes, tutorials, etc.)  
• What are the technology/ies that can support this strategy? (LMS, others) 
• What are the learning resources that can be derived from this strategy? 
(audio, video, pdf, etc.) 
• How to manage the learning resources from this strategy?  
• What other factors should be taken into account in order to support this 
strategy?  
7. Other strategies 
• Types 
• Associated technology 
• Learning resources 
• Management of resources 
• Other factors to be considered 
Section D 
This section includes questions about your views on approaches for 
effective management of learning resources 
1. What are your perceptions on knowledge management in the context of 
management of e-learning resources? 
2. Have you used or implemented any approaches for effective management of e-
learning resources? 
3. If  yes to question 2, can you please elaborate on what type of initiatives were 
carried out in this regard and how effective they were with respect to e-learning 
delivery of courses? 
4. What are the factors required within each knowledge management activity for 
proper management of all learning resources (including content and resources 
from various learning strategies) to enhance effective learning and teaching in an 
e-learning environment? 
• Acquisition of various items  
i. Collection of content (course content and other contents associated 
with learning strategies) 
ii. Collection of useful tacit knowledge for future use (common 
misconceptions, common mistakes, difficult concepts to understand 
and others) 
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iii. content metadata (synonyms, similar concepts, abbreviation, 
equivalent terms to enable effective retrieval of these resources 
iv. context metadata (type of resource (PDF, HTM, PPT, Word etc.), 
level of resource (beginners, intermediate and advanced), and 
characteristics of the resource (definition, example, algorithm, 
relevant links) etc 
v. structure metadata (concept, sub-concept, super-concept or part-of, 
pre-requisite, co-requisite etc.) 
vi. learner profile details  
vii. authentication metadata  
• Organisation (index, author, keyword, annotation, level, type etc.) 
• Authentication (inference rules, authentication details) 
• Retrieval (easy and fast retrieval)  
• Distribution (presentation in various forms and means) 
• Reuse (refining of resources for future use) 
5. What are the associated technologies within each knowledge management activity 
for proper management of all learning resources (including content and resources 
from various learning strategies) to enhance effective learning and teaching in an 
e-learning environment? 
• Acquisition (mechanism for gathering learning resources) 
• Organisation (mechanism for organisation resources) 
• Authentication (mechanism to validate resources) 
• Retrieval (effective retrieval mechanism) 
• Distribution (push and pull technology)  
• Reuse (filter and collect valid resources for future use) 
Section E 
This section includes questions about your views on impact factors 
6. What factors do you think will have its impact on enhancing effective teaching and 
learning practices 
•  Higher retention rate (reducing the number of drop outs) 
• Successful learning outcome (learnt all the required skills and knowledge) 
• Better grade 
• Sense of satisfaction from teacher’s side 
• Sense of satisfaction from learner’s side 
• Increased motivation for learning 
• Successful career 
• Improved communication and other skills 
• Others, please specify
- 
 
•  
D Survey Questionnaire (Student Version) 
 
 
Survey on E-learning and Teaching 
This questionnaire aims to identify the critical factors as perceived 
by students, teachers and others involved in an online teaching and 
learning environment.  It consists of several sections as follows: 
A. Demographic information 
B. Strategies, technologies and learning resources 
for e-learning  
C. Critical factors facilitating management of 
learning resources   
D. Overall impact on effective learning and 
teaching   
Your help is requested in anonymously answering the questions 
below. Your responses will be strictly confidential. Only 
summary data from all survey participants will be included in the 
final report. 
 
Please tick (√) to indicate your role in the e-learning environment  
 Student 
 Teacher 
Section A. Demographic Questions 
1. Please tick (√) the level of course(s) that you are currently involved in via an online 
learning mode. (Choose more than one if appropriate). 
 Bachelor 
 Postgraduate/Masters 
 Other, please specify_________________________ 
 
2. Please tick (√) the area of specialisation of your study via an online learning mode. 
(Choose more than one if appropriate). 
 Computer science and information technology 
 Science 
 Economics, finance and marketing 
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 Humanities 
 Other, please specify_______________________ 
 
3. Please tick (√) the institution through with you study via an online learning mode. 
(Choose more than one if appropriate). 
 RMIT University 
 Monash University 
 Deakin University 
 Swinburne University 
 Victoria University 
 Other, please specify_________________________ 
Section B. Strategies, Technologies and Learning Resources 
 
4. How would you rate your preferences for the following learning strategies to 
enhance e-learning quality 
1 = Least preferred -------------- 7 = Most preferred 
5. How would you rate your preferences for the following learning technologies to 
enhance e-learning quality 
1 = Least preferred-------------- 7 = Most preferred 
1 Facilities to learn by discussing with peers (e.g. group 
project) 
1 2 3 4 5 6 7 
2 Facilities to learn by doing (e.g. problem solving, 
answering questions) 
1 2 3 4 5 6 7 
3 Use of course related external learning resources  to 
discover  
Additional knowledge (useful links, additional readings) 
1 2 3 4 5 6 7 
4 Facilities to access resources to match learning styles and 
levels  
1 2 3 4 5 6 7 
5 Diagrammatic view of the course related concepts to 
enable comprehension (mind maps) 
1 2 3 4 5 6 7 
6 Combination of online learning with face-to-face learning 
Components 
1 2 3 4 5 6 7 
7 Other, please 
specify_________________________________ 
1 2 3 4 5 6 7 
1 Technologies supporting management of learning resources 
(e.g. Blackboard, WebCT etc.) 
1 2 3 4 5 6 7 
2 Search technologies within the course website supporting fast 
access 
 to required learning resource 
1 2 3 4 5 6 7 
3 Technologies to share and learn from peers (e-mail, chat, 
discussion forums, blogs, del.ici.ous, etc.) 
1 2 3 4 5 6 7 
4 Audio/video based lectures with participation facilities (e.g. 
lectopia, Elluminate Live) 
1 2 3 4 5 6 7 
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r
ate your preferences for the following learning resources to enhance e-learning 
quality 
1 = Least preferred-------------- 7 = Most preferred 
Section C. Management of Learning Resources 
7. How would you rate your preferences for the following management factors to 
enhance management of learning resources  
1 = Least preferred -------------- 7 = Most preferred 
5 Technologies to enable learning by doing (e.g. online quizzes, 
second life, game-based learning, problem-based learning etc.)  
1 2 3 4 5 6 7 
6 Retrieval technologies to find relevant external learning 
resources (e.g. Google search, Wikipedia, etc.) 
1 2 3 4 5 6 7 
7 Technologies to match the requirements of learners (in terms of 
styles, preferences and levels) of learners (e.g. intelligent 
tutoring system)  
1 2 3 4 5 6 7 
8 Technologies  construct mental models of topics and associated 
concepts (e.g. mind map tools, concept map tools) 
1 2 3 4 5 6 7 
9 Technologies supporting notification for any posting in the 
course website (e.g. e-mail,  RSS feeds)   
1 2 3 4 5 6 7 
10Other, please 
specify___________________________________
1 2 3 4 5 6 7 
1 Online audio/video-based lectures (e.g. podcasting, 
screencasting) synchronised with lecture slides 
1 2 3 4 5 6 7 
2 Resources generated from discussions (e.g. FAQ, Common 
misconceptions, difficult concepts) 
1 2 3 4 5 6 7 
3 Authenticated relevant external learning resources (e.g. 
Wikipedia, open courseware, simulation exercises etc.) 
1 2 3 4 5 6 7 
4 Refer to resources to match my learning level (e.g. basic, 
intermediary, advanced resources)  
1 2 3 4 5 6 7 
5 Refer to resources to match my styles (visual, auditory, 
hands-on etc.) 
1 2 3 4 5 6 7 
6 Refer to resources to overcome my computer technical 
constraints  
(e.g. provide audio and text transcription for students with 
bandwidth restriction, software restriction etc.) 
1 2 3 4 5 6 7 
7 Interactive learning resources (e.g. multimedia resources, 
quizzes, problems, simulations etc.)   
1 2 3 4 5 6 7 
8 Diagram-based resources representing relationship 
between concepts 
in a course (e.g. concept map, mind map, etc.) 
1 2 3 4 5 6 7 
9 Other, please 
specify____________________________________
1 2 3 4 5 6 7 
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8. How would you rate your preferences for the use of the following details 
(metadata) describing learning resources to enhance quality retrieval of 
learning resources both within and outside course website.  
1 = Least preferred-------------- 7 = Most preferred 
1 Access to all course related learning resources within the 
course website 
1 2 3 4 5 6 7 
2 Access to quality external resources  (e.g. context 
specificity,  
relevancy,  quality, accessibility of learning resources ) 
1 2 3 4 5 6 7 
3 Indexed learning resources for fast access to resources 1 2 3 4 5 6 7 
4 Presentation of course resources with consistent design 
for easy location  
1 2 3 4 5 6 7 
5 Distribution of resources through multiple means (e.g. e
mail, post, upload from course website)  
1 2 3 4 5 6 7 
6 Sharing of learning resources with peers 1 2 3 4 5 6 7 
7 Facilities to enable easy and fast retrieval of resources  
within a course website 
1 2 3 4 5 6 7 
8 Reuse of materials for next level of learning activity 1 2 3 4 5 6 7 
9 Other, please 
specify_______________________________ 
1 2 3 4 5 6 7 
1 Use of keywords  1 2 3 4 5 6 7 
2 Use of author name 1 2 3 4 5 6 7 
3 Use of summary of a learning resource (document or 
Internet link) for judging the relevance 
1 2 3 4 5 6 7 
4 Use of synonyms (USA for United states of America) 1 2 3 4 5 6 7 
5 Use of Abbreviation (e.g. UK for United Kingdom) 1 2 3 4 5 6 7 
6 Use of type of resources (e.g. audio, video, pdf etc.) 1 2 3 4 5 6 7 
7 Use of level of resources (e.g. basic, intermediate, 
advanced) 
1 2 3 4 5 6 7 
8 What is the time duration of the resource? (for video, 
audio)  
1 2 3 4 5 6 7 
9 What is the characteristic of the resource? (Example, 
definition, meaning, test, discussion etc.) 
1 2 3 4 5 6 7 
10 What are the pre-requisite resources for understanding 
a given resource? (e.g. basic maths knowledge a pre
requisite to learning algebra) 
1 2 3 4 5 6 7 
11 What is a co-requisite for understanding the given 
resource? (e.g. understanding algebraic notations to 
solve algebra equations)  
1 2 3 4 5 6 7 
12 What are the follow-up resources to advance learning 
(e.g. non-linear equations to follow linear equations) 
1 2 3 4 5 6 7 
13 Is the resource authentic (e.g. from reputable 
source/university) 
1 2 3 4 5 6 7 
Appendices 2011 
 
Page 344 
Sec
tio
n 
D. 
Crit
ical 
imp
act 
Fac
tor
s 
9. How would you rate the effectiveness of use of multiple learning strategies on 
the following factors 
1 = Not effective -------------- 7 = Very Effective 
10. How would you rate the effectiveness of management of learning resources 
on the following factors? 
1 = Not effective -------------- 7 = Very Effective 
14 Frequency of use of these resources by other learners 1 2 3 4 5 6 7 
15 Is the link accessible? (without page not found) 1 2 3 4 5 6 7 
16 Suitability of the resource for learning styles (auditory, 
visual, hands-on etc.) 
1 2 3 4 5 6 7 
17 Other, please 
specify_______________________________ 
1 2 3 4 5 6 7 
1 The achievability with respect to the course learning 
outcomes 
1 2 3 4 5 6 7 
2 The achievability with respect to final grades 1 2 3 4 5 6 7 
3 Satisfaction from knowledge acquisition 1 2 3 4 5 6 7 
4 Likelihood of finding a prospective career  1 2 3 4 5 6 7 
5 Stimulating experience from use of multiple learning 
methods   
1 2 3 4 5 6 7 
6 Acquisition of critical thinking skills from multiple 
learning sources  
1 2 3 4 5 6 7 
7 Acquisition of communication skills through student-
centred learning methods 
1 2 3 4 5 6 7 
8 Other, please specify 
________________________________ 
1 2 3 4 5 6 7 
1 Availability of learning resources  1 2 3 4 5 6 7 
2 Easy and fast access to learning resources (within 2 to 
3 clicks) 
1 2 3 4 5 6 7 
3 Access to quality learning resources (save time on 
searching and spend time on learning) 
1 2 3 4 5 6 7 
4 Access to relevant learning resources (avoid 
information overloading) 
1 2 3 4 5 6 7 
5 Access to course-specific learning resources  1 2 3 4 5 6 7 
6 Access to learning resources to adapt to individuals  
requirement 
1 2 3 4 5 6 7 
7 Saving time/effort in searching for resources 1 2 3 4 5 6 7 
8 Reusability of learning resources 1 2 3 4 5 6 7 
9 Other, please specify 
_______________________________ 
1 2 3 4 5 6 7 
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E Survey Questionnaire (Teacher’s Version) 
Please tick (√) to indicate your role in the e-learning environment  
 Student 
 Teacher 
 
Section A. Demographic Questions 
1. Please tick (√) the level of course(s) that you are currently involved in via an online 
learning mode. (Choose more than one if appropriate). 
 Bachelor 
 Postgraduate/Masters 
 Other, please specify_________________________ 
 
2. Please tick (√) the area of specialisation of your study via an online learning mode. 
(Choose more than one if appropriate). 
 Computer science and information technology 
 Science 
 Economics, finance and marketing 
 Humanities 
 Other, please specify_______________________ 
 
3. Please tick (√) the institution through with you study via an online learning mode. 
(Choose more than one if appropriate). 
 RMIT University 
 Monash University 
 Deakin University 
 Swinburne University 
 Victoria University 
 Other, please specify_________________________ 
 
Section B. Strategies, Technologies and Learning Resources 
 
5. How would you rate your preferences for the following learning strategies to 
enhance e-learning quality 
1 = Least preferred -------------- 7 = Most preferred 
1 Facilities to learn by discussing with peers (e.g. group 
project) 
1 2 3 4 5 6 7 
2 Facilities to learn by doing (e.g. problem solving, 
answering questions) 
1 2 3 4 5 6 7 
3 Use of course related external learning resources  to 
discover  
Additional knowledge (useful links, additional readings) 
1 2 3 4 5 6 7 
4 Facilities to access resources to match learning styles and 
levels  
1 2 3 4 5 6 7 
5 Diagrammatic view of the course related concepts to 
enable comprehension (mind maps) 
1 2 3 4 5 6 7 
6 Combination of online learning with face-to-face learning 
components 
1 2 3 4 5 6 7 
7 Other, please 
specify_________________________________ 
1 2 3 4 5 6 7 
Appendices 2011 
 
Page 346 
11. How would you rate your preferences for the following learning technologies to 
enhance e-learning quality 
1 = Least preferred-------------- 7 = Most preferred 
12. How would you rate your preferences for the following learning resources to 
enhance e-learning quality 
1 = Least preferred-------------- 7 = Most preferred 
1 Technologies supporting management of learning resources 
(e.g. Blackboard, WebCT etc.) 
1 2 3 4 5 6 7 
2 Search technologies within the course website supporting 
fast access 
 to required learning resource 
1 2 3 4 5 6 7 
3 Technologies to share and learn from peers (e-mail, chat, 
discussion forums, blogs, del.ici.ous, etc.) 
1 2 3 4 5 6 7 
4 Audio/video based lectures with participation facilities (e.g. 
lectopia, Elluminate Live) 
1 2 3 4 5 6 7 
5 Technologies to enable learning by doing (e.g. online 
quizzes, second life, game-based learning, problem-based 
learning etc.)   
1 2 3 4 5 6 7 
6 Retrieval technologies to find relevant external learning 
resources (e.g. Google search, Wikipedia, etc.) 
1 2 3 4 5 6 7 
7 Technologies to match the requirements of learners (in 
terms of styles, preferences and levels) of learners (e.g. 
intelligent tutoring system)  
1 2 3 4 5 6 7 
8 Technologies  construct mental models of topics and 
associated concepts (e.g. mind map tools, concept map 
tools) 
1 2 3 4 5 6 7 
9 Technologies supporting notification for any posting in the 
course website (e.g. e-mail,  RSS feeds)   
1 2 3 4 5 6 7 
10 Other, please 
specify___________________________________
1 2 3 4 5 6 7 
1 Online audio/video-based lectures (e.g. podcasting, 
screencasting) synchronised with lecture slides 
1 2 3 4 5 6 7 
2 Resources generated from discussions (e.g. FAQ, Common 
misconceptions, difficult concepts) 
1 2 3 4 5 6 7 
3 Authenticated relevant external learning resources (e.g. 
Wikipedia, open courseware, simulation exercises etc.) 
1 2 3 4 5 6 7 
4 Refer to resources to match my learning level (e.g. basic, 
intermediary, advanced resources)  
1 2 3 4 5 6 7 
5 Refer to resources to match my styles (visual, auditory, 
hands-on etc.) 
1 2 3 4 5 6 7 
6 Refer to resources to overcome my computer technical 
constraints  
(e.g. provide audio and text transcription for students with 
bandwidth restriction, software restriction etc.) 
1 2 3 4 5 6 7 
7 Interactive learning resources (e.g. multimedia resources, 
quizzes, problems, simulations etc.)   
1 2 3 4 5 6 7 
8 Diagram-based resources representing relationship 
between concepts 
in a course (e.g. concept map, mind map, etc.) 
1 2 3 4 5 6 7 
9 Other, please 
specify____________________________________
1 2 3 4 5 6 7 
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Section C. Management of Learning Resources 
 
13. How would you rate your preferences for the following management factors to 
enhance management of learning resources  
1 = Least preferred -------------- 7 = Most preferred 
14. How would you rate your preferences for the use of the following details 
(metadata) describing learning resources to enhance quality retrieval of 
learning resources both within and outside course website.  
1 = Least preferred-------------- 7 = Most preferred 
1 Access to all course related learning resources within the 
course website 
1 2 3 4 5 6 7 
2 Access to quality external resources  (e.g. context 
specificity,  
relevancy,  quality, accessibility of learning resources ) 
1 2 3 4 5 6 7 
3 Indexed learning resources for fast access to resources 1 2 3 4 5 6 7 
4 Presentation of course resources with consistent design 
for easy location  
1 2 3 4 5 6 7 
5 Distribution of resources through multiple means (e.g. e
mail, post, upload from course website)  
1 2 3 4 5 6 7 
6 Sharing of learning resources with peers 1 2 3 4 5 6 7 
7 Facilities to enable easy and fast retrieval of resources  
within a course website 
1 2 3 4 5 6 7 
8 Reuse of materials for next level of learning activity 1 2 3 4 5 6 7 
9 Other, please 
specify_______________________________ 
1 2 3 4 5 6 7 
1 Use of keywords  1 2 3 4 5 6 7 
2 Use of author name 1 2 3 4 5 6 7 
3 Use of summary of a learning resource (document or 
Internet link) for judging the relevance 
1 2 3 4 5 6 7 
4 Use of synonyms (USA for United states of America) 1 2 3 4 5 6 7 
5 Use of Abbreviation (e.g. UK for United Kingdom) 1 2 3 4 5 6 7 
6 Use of type of resources (e.g. audio, video, pdf etc.) 1 2 3 4 5 6 7 
7 Use of level of resources (e.g. basic, intermediate, 
advanced) 
1 2 3 4 5 6 7 
8 What is the time duration of the resource? (for video, 
audio)  
1 2 3 4 5 6 7 
9 What is the characteristic of the resource? (Example, 
definition, meaning, test, discussion etc.) 
1 2 3 4 5 6 7 
10 What are the pre-requisite resources for understanding 
a given resource? (e.g. basic maths knowledge a pre-
requisite to learning algebra) 
1 2 3 4 5 6 7 
11 What is a co-requisite for understanding the given 
resource? (e.g. understanding algebraic notations to 
solve algebra equations)  
1 2 3 4 5 6 7 
12 What are the follow-up resources to advance learning 
(e.g. non-linear equations to follow linear equations) 
1 2 3 4 5 6 7 
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15. How would you rate the effectiveness of use of multiple learning strategies on 
the following factors 
1 = Not effective -------------- 7 = Very Effective 
16. How would you rate the effectiveness of management of learning resources 
on the following factors? 
1 = Not effective -------------- 7 = Very Effective 
13 Is the resource authentic (e.g. from reputable 
source/university) 
1 2 3 4 5 6 7 
14 Frequency of use of these resources by other learners 1 2 3 4 5 6 7 
15 Is the link accessible? (without page not found) 1 2 3 4 5 6 7 
16 Suitability of the resource for learning styles (auditory, 
visual, hands-on etc.) 
1 2 3 4 5 6 7 
17 Other, please 
specify_______________________________ 
1 2 3 4 5 6 7 
1 The achievability with respect to the course learning 
outcomes 
1 2 3 4 5 6 7 
2 The achievability with respect to final grades 1 2 3 4 5 6 7 
3 Satisfaction from knowledge acquisition 1 2 3 4 5 6 7 
4 Likelihood of finding a prospective career  1 2 3 4 5 6 7 
5 Stimulating experience from use of multiple learning 
methods   
1 2 3 4 5 6 7 
6 Acquisition of critical thinking skills from multiple 
learning sources  
1 2 3 4 5 6 7 
7 Acquisition of communication skills through student-
centred learning methods 
1 2 3 4 5 6 7 
8 Other, please specify 
________________________________ 
1 2 3 4 5 6 7 
1 Availability of learning resources  1 2 3 4 5 6 7 
2 Easy and fast access to learning resources (within 2 to 
3 clicks) 
1 2 3 4 5 6 7 
3 Access to quality learning resources (save time on 
searching and spend time on learning) 
1 2 3 4 5 6 7 
4 Access to relevant learning resources (avoid 
information overloading) 
1 2 3 4 5 6 7 
5 Access to course-specific learning resources  1 2 3 4 5 6 7 
6 Access to learning resources to adapt to individuals  
requirement 
1 2 3 4 5 6 7 
7 Saving time/effort in searching for resources 1 2 3 4 5 6 7 
8 Reusability of learning resources 1 2 3 4 5 6 7 
9 Other, please specify 
_______________________________ 
1 2 3 4 5 6 7 
- 
 
Appendix II 
Item Description and Preliminary Statistics 
A Items, Variable Names and Item Descriptions 
Indicator Variable Item description 
     
Collaborative P1 Facilities to learn by discussing with peers (e.g. 
group project) 
Active P2 Facilities to learn by doing (e.g. problem-solving, 
answering questions) 
Explorative P3 Use of course-related external learning resources  
to discover additional knowledge (useful links, 
additional readings) 
Adaptive P4 Facilities to access resources to match learning 
styles and levels  
Concept 
mapping 
P5 Diagrammatic view of the course-related concepts 
to enable comprehension (mind mapping) 
Blended P6 Combination of online learning with face-to-face 
learning components  
LMS T1 Technologies supporting management of learning 
resources (e.g. Blackboard, WebCT) 
Course Search  T2 Search technologies within the course website 
supporting fast access to required learning 
resources 
Collaborative 
Technology 
T3 Technologies to share and learn from peers (e.g. 
email, chat, discussion forums, blogs, del.ici.ous) 
Multimedia T4 Audio/video-based lectures with participation 
facilities (e.g. Lectopia, Elluminate Live) 
Active  T5 Technologies to enable learning by doing (e.g. 
online quizzes, Second Life, game-based learning, 
problem-based learning)   
Retrieval T6 Retrieval technologies to find relevant external 
learning resources (e.g. Google Search, Wikipedia) 
Adapt T7 Technologies to match the requirements of 
learners in terms of styles, preferences and levels 
(e.g. ITS)  
CM technology T8 Technologies  constructing mental models of topics 
and associated concepts (e.g. mind 
mapping/concept mapping tools) 
Push 
technology 
T9 Technologies supporting notification of any 
posting on the course website (e.g. email,  RSS 
feeds)   
Multimedia LR1 Online audio/video-based lectures (e.g. 
podcasting, screencasting) synchronised with 
lecture slides 
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Indicator Variable Item description 
Coll- FAQ LR2 Resources generated from discussions (e.g. FAQ, 
common misconceptions, difficult concepts) 
External LR3 Authenticated relevant external learning resources 
(e.g. Wikipedia, open courseware, simulation 
exercises) 
LO – Level LR4 Referring to resources to match learning level (e.g. 
basic, intermediary, advanced resources)  
LO – Style LR5 Referring to resources to match styles (e.g. visual, 
auditory, hands-on) 
LO – Cons LR6 Referring to resources to overcome computer 
technical constraints (e.g. provide audio and text 
transcription for learners with bandwidth/software 
restrictions) 
Interactive LR7 Interactive learning resources (e.g. multimedia 
resources, quizzes, problems, simulations)   
CM resources LR8 Diagram-based resources representing 
relationships between concepts in a course (e.g. 
concept mapping, mind mapping) 
Keyword MO1 Use of keywords  
Author MO2 Use of author name 
Summary MO3 Use of summary of a learning resource (document 
or internet link) for judging the relevance 
Synonyms MO4 Use of acronym (USA for United States of 
America) 
Abbreviation MO5 Use of abbreviation (e.g. ER for entity 
relationship) 
Type  MO6 Use of type of resources (e.g. audio, video, PDF) 
Level MO7 Use of level of resources (e.g. basic, intermediate, 
advanced) 
Time duration MO8 Time duration of the resource (e.g. video, audio)  
Characteristic MO9 Characteristic of the resource (e.g. definition, 
meaning, test, discussion) 
Prerequisite MO10 Prerequisite resources for understanding a given 
resource (e.g. basic maths knowledge a 
prerequisite for learning algebra) 
Co-requisite MO11 A co-requisite for understanding a given resource 
(e.g. understanding algebraic notations to solve 
algebra equations)  
Follow-up MO12 Follow-up resources to advance learning (e.g. non-
linear equations to follow linear equations) 
Authenticity MO13 Authenticity of the resource (e.g. from reputable 
source/university) 
Popularity MO14 Frequency of use of these resources by other 
learners 
Accessibility MO15 Accessibility of the link (i.e. HTML page not found 
error)  
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Indicator Variable Item description 
Suitability MO16 Suitability of the resource for learning styles (e.g. 
auditory, visual, hands-on) 
Accessibility M1 Access to all course-related learning resources 
within the course website 
Quality external M2 Access to quality external resources (e.g. context 
specificity, relevancy, quality) 
Indexing  M3 Indexed learning resources for fast access to 
resources 
Presentation M4 Presentation of course resources with consistent 
design for easy location  
Distribution M5 Distribution of resources through multiple means 
(e.g. email, post, upload from course website)  
Sharing with 
peers 
M6 Sharing of learning resources with peers 
Easy retrieval M7 Facilities to enable easy and fast retrieval of 
resources within a course website 
Reusability M8 Reuse of materials for next level of learning 
activity 
Availability ME1 Availability of learning resources  
Easy and fast 
access 
ME2 Easy and fast access to learning resources (within 
two to three clicks) 
Access - quality ME3 Access to quality learning resources (save time on 
searching to spend time on learning) 
Access - 
relevant 
ME4 Access to relevant learning resources (i.e. avoid 
information overloading) 
Access - course-
specific 
ME5 Access to course-specific learning resources  
Access - 
adaptive 
ME6 Access to learning resources to adapt to 
individuals’  requirements 
Saving time ME7 Saving time/effort in searching for resources 
Reusability ME8 Reusability of learning resources 
     
Learning 
outcome 
ELE1 Achievability with respect to course learning 
outcomes 
Final grades ELE2 Achievability with respect to final grades 
Satisfaction ELE3 Satisfaction from knowledge acquisition 
Prospective 
career 
ELE4 Likelihood of finding a prospective career  
Stimulating ELE5 Stimulating experience from use of multiple 
learning methods   
Critical 
thinking 
ELE6 Acquisition of critical thinking skills from multiple 
learning sources  
Communication 
skills 
ELE7 Acquisition of communication skills through 
learner-centred methods 
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B Preferences/Perceptions on Each Variables 
Constructs/ 
variables 
Preferences 
Pedagogies              Least 2 3 4 5 6         
Most  
P1 13.3 12.4 11.0 14.3 23.3 15.7 10.0 
P2 0.0 1.0 5.7 9.5 19.5 30.5 33.8 
P3 1.0 3.8 6.7 15.7 24.3 27.6 21.0 
P4 1.0 1.9 6.2 20.0 20.0 34.3 16.7 
P5 1.0 6.2 7.1 17.6 26.2 25.2 16.7 
P6 14.3 12.4 8.1 12.9 11.0 19.5 21.9 
Technologies              Least 2 3 4 5 6        Most  
T1 1.4 1.4 1.0 9.0 16.2 37.1 33.8 
T2 0.5 3.3 4.8 13.8 19.5 26.2 31.9 
T3 4.3 4.8 5.7 10.5 24.3 30.0 20.5 
T4 5.2 7.6 7.1 15.2 13.3 21.9 29.5 
T5 1.0 2.4 3.8 8.6 17.1 31.4 35.7 
T6 1.0 2.4 5.7 14.3 20.5 28.1 28.1 
T7 1.0 3.8 10.5 12.4 24.8 23.8 23.8 
T8 1.0 7.6 10.0 18.6 26.7 19.0 17.1 
T9 0.0 2.9 7.1 11.4 16.2 32.9 29.5 
Learning 
resources 
Least 2 3 4 5 6 Most 
LR1 5.7 2.9 8.1 11.9 17.6 21.4 32.4 
LR2 1.0 1.9 7.1 12.9 24.3 30.0 22.9 
LR3 0.5 1.9 5.2 16.7 27.6 28.6 19.5 
LR4 0.0 4.8 5.2 18.1 25.7 23.8 22.4 
LR5 0.5 1.9 4.3 14.3 26.2 25.7 27.1 
LR6 7.6 10.5 9.5 19.5 16.7 21.0 15.2 
LR7 0.0 2.4 5.2 7.1 19.5 31.0 34.8 
LR8 0.5 6.2 6.7 16.7 23.8 25.7 20.5 
Metadata 
ontologies 
Least 2 3 4 5 6 Most  
MO1 0.0 1.0 2.9 9.5 18.1 35.2 33.3 
MO2 4.3 5.7 13.8 18.1 27.6 17.6 12.9 
MO3 1.4 2.4 2.4 16.7 26.7 31.0 19.5 
MO4 4.3 5.2 6.2 29.5 23.3 17.6 13.8 
MO5 4.3 6.7 6.7 24.8 26.2 17.6 13.8 
MO6 1.0 2.9 5.7 12.4 24.3 31.9 21.9 
MO7 2.4 5.7 7.1 23.8 17.1 21.9 21.9 
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Constructs/ 
variables 
Preferences 
MO8 3.8 6.2 8.1 19.0 19.0 26.2 17.6 
MO9 0.5 3.8 7.1 17.1 28.6 27.1 15.7 
MO10 1.9 2.9 7.6 16.2 27.1 30.0 14.3 
MO11 1.9 3.3 7.6 19.0 28.6 26.2 13.3 
MO12 1.9 2.9 6.7 25.2 24.8 25.7 12.9 
MO13 0.5 1.4 4.8 13.8 19.0 31.0 29.5 
MO14 2.4 4.3 8.1 21.0 21.0 25.2 18.1 
MO15 0.5 2.4 2.9 11.9 13.3 31.4 37.6 
MO16 0.5 4.8 5.7 22.9 21.9 25.7 18.6 
Management 
of learning 
resources 
Least 2 3 4 5 6 Most  
M1 0.0 1.4 0.5 5.2 8.6 25.7 58.6 
M2 0.5 1.4 3.3 6.2 21.4 31.9 35.2 
M3 0.0 1.0 2.9 6.7 21.0 31.0 37.6 
M4 0.0 0.5 2.9 7.6 13.8 29.0 46.2 
M5 2.9 6.2 8.1 11.0 19.0 28.6 24.3 
M6 3.3 2.9 7.1 18.6 25.7 26.2 16.2 
M7 0.0 1.9 1.9 6.2 11.9 35.7 42.4 
M8 1.4 2.9 5.2 10.5 26.2 29.5 24.3 
Management 
effectiveness 
Not effective 2 3 4 5 6 Very 
effective 
ME1 0.0 1.4 0.5 5.2 8.6 25.7 58.6 
ME2 1.4 3.3 4.3 11.0 21.9 26.2 31.9 
ME3 1.9 4.3 3.8 12.9 19.0 27.1 31.0 
ME4 1.0 2.4 5.2 13.8 20.5 30.0 27.1 
ME5 0.0 3.3 2.4 12.4 20.0 36.2 25.7 
ME6 1.0 4.3 8.6 25.7 21.0 20.0 19.5 
ME7 0.5 4.3 7.1 14.8 14.8 26.7 31.9 
ME8 1.0 2.9 6.7 15.2 26.2 29.0 19.0 
E-learning 
effectiveness 
Not effective 2 3 4 5 6 Very 
effective 
ELE1 0.5 1.4 2.9 13.8 24.8 32.9 23.8 
ELE2 0.0 1.4 3.8 10.5 29.0 30.5 24.8 
ELE3 0.0 1.0 4.3 10.5 19.0 32.4 32.9 
ELE4 1.4 5.2 5.7 20.5 21.0 22.9 23.3 
ELE5 0.5 3.3 6.2 10.5 28.6 25.2 25.7 
ELE6 0.0 2.9 5.2 13.3 25.7 25.2 27.6 
ELE7 2.4 3.3 11.4 17.6 26.2 23.8 15.2 
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C Descriptive Statistics 
Variables  No. Min Max Mean Std. deviation Skewness Kurtosis 
P1 210 1 7 4.1 1.9 -0.2 -1.1 
P2 210 2 7 5.7 1.2 -0.9 0.0 
P3 210 1 7 5.3 1.4 -0.7 0.0 
P4 210 1 7 5.3 1.3 -0.7 0.1 
P5 210 1 7 5.0 1.4 -0.6 -0.2 
P6 210 1 7 4.4 2.1 -0.3 -1.3 
T1 210 1 7 5.8 1.2 -1.5 2.9 
T2 210 1 7 5.6 1.4 -0.8 0.1 
T3 210 1 7 5.2 1.6 -1.0 0.4 
T4 210 1 7 5.1 1.8 -0.7 -0.6 
T5 210 1 7 5.8 1.3 -1.3 1.4 
T6 210 1 7 5.5 1.4 -0.8 0.2 
T7 210 1 7 5.2 1.5 -0.6 -0.3 
T8 210 1 7 4.9 1.5 -0.4 -0.6 
T9 210 2 7 5.6 1.4 -0.9 -0.1 
LR1 210 1 7 5.3 1.8 -0.9 0.0 
LR2 210 1 7 5.4 1.3 -0.8 0.3 
LR3 210 1 7 5.3 1.3 -0.6 0.1 
LR4 210 2 7 5.3 1.4 -0.5 -0.4 
LR5 210 1 7 5.5 1.3 -0.7 0.2 
LR6 210 1 7 4.5 1.8 -0.4 -0.9 
LR7 210 2 7 5.8 1.3 -1.1 0.6 
LR8 210 1 7 5.2 1.5 -0.6 -0.3 
M1 210 2 7 6.3 1.0 -1.9 3.9 
M2 210 1 7 5.8 1.2 -1.2 1.6 
M3 210 2 7 5.9 1.1 -1.0 0.8 
M4 210 2 7 6.1 1.1 -1.2 0.8 
M5 210 1 7 5.2 1.6 -0.8 -0.1 
M6 210 1 7 5.0 1.5 -0.7 0.3 
M7 210 2 7 6.1 1.1 -1.5 2.3 
M8 210 1 7 5.4 1.4 -1.0 0.8 
MO1 210 2 7 5.8 1.1 -1.0 0.5 
MO2 210 1 7 4.6 1.6 -0.4 -0.4 
MO3 210 1 7 5.4 1.3 -0.9 1.0 
MO4 210 1 7 4.7 1.5 -0.4 -0.1 
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Variables  No. Min Max Mean Std. deviation Skewness Kurtosis 
MO5 210 1 7 4.7 1.6 -0.5 -0.2 
MO6 210 1 7 5.4 1.3 -0.9 0.5 
MO7 210 1 7 5.0 1.6 -0.5 -0.5 
MO8 210 1 7 4.9 1.6 -0.6 -0.3 
MO9 210 1 7 5.1 1.3 -0.6 -0.1 
MO10 210 1 7 5.1 1.4 -0.8 0.4 
MO11 210 1 7 5.0 1.4 -0.6 0.2 
MO12 210 1 7 5.0 1.4 -0.5 0.1 
MO13 210 1 7 5.6 1.3 -0.8 0.2 
MO14 210 1 7 5.0 1.5 -0.6 -0.2 
MO15 210 1 7 5.8 1.3 -1.2 1.0 
MO16 210 1 7 5.1 1.4 -0.5 -0.4 
ME1 210 2 7 6.3 1.0 -1.9 3.9 
ME2 210 1 7 5.6 1.4 -1.0 0.7 
ME3 210 1 7 5.5 1.5 -1.0 0.5 
ME4 210 1 7 5.5 1.4 -0.9 0.4 
ME5 210 2 7 5.6 1.2 -1.0 0.6 
ME6 210 1 7 5.0 1.5 -0.3 -0.6 
ME7 210 1 7 5.5 1.5 -0.8 -0.3 
ME8 210 1 7 5.3 1.3 -0.7 0.2 
ELE1 210 1 7 5.6 1.2 -0.8 0.6 
ELE2 210 2 7 5.6 1.2 -0.7 0.2 
ELE3 210 2 7 5.8 1.2 -0.9 0.1 
ELE4 210 1 7 5.2 1.5 -0.6 -0.3 
ELE5 210 1 7 5.4 1.4 -0.8 0.2 
ELE6 210 2 7 5.5 1.3 -0.7 -0.2 
ELE7 210 1 7 4.9 1.5 -0.5 -0.2 
- 
 
Appendix III 
Reliability Results 
A Reliability Results: Alpha Values 
Results for Original Items 
Construct Cronbach's alpha No. of 
variables  
Pedagogies 0.58 6 
Technologies 0.73 9 
Learning resources 0.81 8 
Metadata ontologies 0.90 16 
Management of learning resources 0.85 8 
Management effectiveness 0.90 8 
E-learning effectiveness 0.84 7 
Intermediary Results after Reliability Tests 
Construct Cronbach's alpha No. of variables 
Pedagogies 0.59 3 
Technologies 0.74 7 
Learning resources 0.81 8 
Metadata ontologies 0.90 16 
Management of learning resources 0.85 8 
Management effectiveness 0.90 8 
E-learning effectiveness 0.84 7 
Final Results for the Retained Variables 
Construct Cronbach's 
alpha 
No. of variables 
Pedagogy 0.61 2 
Technology and learning resources 0.81 3 
Metadata ontologies 0.94 2 
Management of learning resources 0.72 2 
Management effectiveness 0.91 5 
E-learning effectiveness 0.78 2 
B Reliability Results: Inter-item Correlation Original Results 
Inter-item Correlation Matrix for Pedagogies 
 Variables P1 P2 P3 P4 P5 P6 
P1 1.00 0.01 0.10 0.14 0.06 0.37 
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P2 0.01 1.00 0.15 0.16 0.31 -0.05 
P3 0.10 0.15 1.00 0.44 0.23 0.08 
P4 0.14 0.16 0.44 1.00 0.31 0.28 
P5 0.06 0.31 0.23 0.31 1.00 0.19 
P6 0.37 -0.05 0.08 0.28 0.19 1.00 
Inter-Item Correlation Matrix for Technologies 
 Variables T1 T2 T3 T4 T5 T6 T7 T8 T9 
T1 1.00 0.41 0.36 0.08 0.26 0.05 0.24 0.25 0.26 
T2 0.41 1.00 0.29 0.21 0.16 0.19 0.25 0.30 0.29 
T3 0.36 0.29 1.00 0.30 0.04 0.07 0.03 0.05 0.14 
T4 0.08 0.21 0.30 1.00 0.24 0.02 0.28 0.27 0.19 
T5 0.26 0.16 0.04 0.24 1.00 0.03 0.33 0.35 0.24 
T6 0.05 0.19 0.07 0.02 0.03 1.00 0.36 0.23 0.27 
T7 0.24 0.25 0.03 0.28 0.33 0.36 1.00 0.57 0.33 
T8 0.25 0.30 0.05 0.27 0.35 0.23 0.57 1.00 0.50 
T9 0.26 0.29 0.14 0.19 0.24 0.27 0.33 0.50 1.00 
Inter-Item Correlation Matrix for Learning Resources 
 Variables  LR1 LR2 LR3 LR4 LR5 LR6 LR7 LR8 
LR1 1.00 0.42 0.26 0.25 0.29 0.24 0.35 0.31 
LR2 0.42 1.00 0.31 0.33 0.32 0.22 0.30 0.30 
LR3 0.26 0.31 1.00 0.41 0.39 0.30 0.35 0.30 
LR4 0.25 0.33 0.41 1.00 0.67 0.40 0.39 0.47 
LR5 0.29 0.32 0.39 0.67 1.00 0.33 0.47 0.46 
LR6 0.24 0.22 0.30 0.40 0.33 1.00 0.30 0.40 
LR7 0.35 0.30 0.35 0.39 0.47 0.30 1.00 0.42 
LR8 0.31 0.30 0.30 0.47 0.46 0.40 0.42 1.00 
Inter-Item Correlation Matrix for Management of Learning Resources 
  Variables M1 M2 M3 M4 M5 M6 M7 M8 
M1 1.00 0.52 0.54 0.53 0.22 0.28 0.50 0.42 
M2 0.52 1.00 0.56 0.47 0.31 0.32 0.45 0.40 
M3 0.54 0.56 1.00 0.59 0.47 0.26 0.64 0.39 
M4 0.53 0.47 0.59 1.00 0.33 0.32 0.56 0.42 
M5 0.22 0.31 0.47 0.33 1.00 0.27 0.32 0.34 
M6 0.28 0.32 0.26 0.32 0.27 1.00 0.28 0.36 
M7 0.50 0.45 0.64 0.56 0.32 0.28 1.00 0.42 
M8 0.42 0.40 0.39 0.42 0.34 0.36 0.42 1.00 
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Inter-Item Correlation Matrix for Metadata Ontologies 
  Variable
s 
MO
1 
MO
2 
MO
3 
MO
4 
MO
5 
MO
6 
MO
7 
MO
8 
MO
9 
MO1
0 
MO1
1 
MO1
2 
MO1
3 
MO1
4 
MO1
5 
MO1
6 
MO1 1.00 0.24 0.31 0.40 0.38 0.22 0.35 0.23 0.29 0.28 0.23 0.32 0.27 0.30 0.31 0.28 
MO2 0.24 1.00 0.29 0.22 0.18 0.30 0.28 0.28 0.27 0.18 0.17 0.29 0.25 0.14 0.23 0.36 
MO3 0.31 0.29 1.00 0.31 0.39 0.37 0.32 0.29 0.37 0.25 0.26 0.27 0.23 0.24 0.22 0.26 
MO4 0.40 0.22 0.31 1.00 0.89 0.30 0.25 0.22 0.25 0.34 0.30 0.29 0.26 0.31 0.22 0.28 
MO5 0.38 0.18 0.39 0.89 1.00 0.31 0.27 0.23 0.29 0.34 0.33 0.27 0.25 0.37 0.23 0.26 
MO6 0.22 0.30 0.37 0.30 0.31 1.00 0.50 0.52 0.49 0.39 0.44 0.40 0.29 0.26 0.30 0.48 
MO7 0.35 0.28 0.32 0.25 0.27 0.50 1.00 0.52 0.56 0.55 0.52 0.52 0.31 0.21 0.23 0.54 
MO8 0.23 0.28 0.29 0.22 0.23 0.52 0.52 1.00 0.62 0.52 0.54 0.49 0.34 0.21 0.17 0.43 
MO9 0.29 0.27 0.37 0.25 0.29 0.49 0.56 0.62 1.00 0.62 0.61 0.60 0.44 0.23 0.24 0.51 
MO10 0.28 0.18 0.25 0.34 0.34 0.39 0.55 0.52 0.62 1.00 0.89 0.72 0.55 0.31 0.29 0.49 
MO11 0.23 0.17 0.26 0.30 0.33 0.44 0.52 0.54 0.61 0.89 1.00 0.71 0.54 0.32 0.31 0.44 
MO12 0.32 0.29 0.27 0.29 0.27 0.40 0.52 0.49 0.60 0.72 0.71 1.00 0.57 0.32 0.32 0.52 
MO13 0.27 0.25 0.23 0.26 0.25 0.29 0.31 0.34 0.44 0.55 0.54 0.57 1.00 0.33 0.46 0.51 
MO14 0.30 0.14 0.24 0.31 0.37 0.26 0.21 0.21 0.23 0.31 0.32 0.32 0.33 1.00 0.41 0.39 
MO15 0.31 0.23 0.22 0.22 0.23 0.30 0.23 0.17 0.24 0.29 0.31 0.32 0.46 0.41 1.00 0.46 
MO16 0.28 0.36 0.26 0.28 0.26 0.48 0.54 0.43 0.51 0.49 0.44 0.52 0.51 0.39 0.46 1.00 
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Inter-Item Correlation Matrix for Management Effectiveness 
 Variables ME1 ME2 ME3 ME4 ME5 ME6 ME7 ME8 
ME1 1.00 0.18 0.27 0.16 0.34 0.15 0.23 0.34 
ME2 0.18 1.00 0.69 0.65 0.59 0.50 0.59 0.48 
ME3 0.27 0.69 1.00 0.77 0.67 0.58 0.71 0.59 
ME4 0.16 0.65 0.77 1.00 0.72 0.66 0.72 0.58 
ME5 0.34 0.59 0.67 0.72 1.00 0.64 0.67 0.67 
ME6 0.15 0.50 0.58 0.66 0.64 1.00 0.66 0.58 
ME7 0.23 0.59 0.71 0.72 0.67 0.66 1.00 0.64 
ME8 0.34 0.48 0.59 0.58 0.67 0.58 0.64 1.00 
Inter-Item Correlation Matrix for E-learning Effectiveness 
  ELE1 ELE2 ELE3 ELE4 ELE5 ELE6 ELE7 
ELE1 1.00 0.67 0.58 0.32 0.33 0.44 0.31 
ELE2 0.67 1.00 0.49 0.28 0.39 0.33 0.30 
ELE3 0.58 0.49 1.00 0.35 0.44 0.53 0.32 
ELE4 0.32 0.28 0.35 1.00 0.40 0.44 0.47 
ELE5 0.33 0.39 0.44 0.40 1.00 0.64 0.46 
ELE6 0.44 0.33 0.53 0.44 0.64 1.00 0.60 
ELE7 0.31 0.30 0.32 0.47 0.46 0.60 1.00 
C Reliability Results: Inter-Item Correlation after Reliability Analysis 
Inter-Item Correlation Matrix for Pedagogies 
  Variables P3 P4 P5 
P3 1 0.439 0.227 
P4 0.439 1 0.306 
P5 0.227 0.306 1 
Inter-Item Correlation Matrix for Technologies 
  Variables T1 T2 T4 T5 T7 T8 T9 
T1 1.00 0.41 0.08 0.26 0.24 0.25 0.26 
T2 0.41 1.00 0.21 0.16 0.25 0.30 0.29 
T4 0.08 0.21 1.00 0.24 0.28 0.27 0.19 
T5 0.26 0.16 0.24 1.00 0.33 0.35 0.24 
T7 0.24 0.25 0.28 0.33 1.00 0.57 0.33 
T8 0.25 0.30 0.27 0.35 0.57 1.00 0.50 
T9 0.26 0.29 0.19 0.24 0.33 0.50 1.00 
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D Reliability Results: Item-Total Statistics Original Results 
Item-Total Statistics for Pedagogies 
 Variables mean if 
item 
deleted 
variance 
if item 
deleted 
Corrected 
item-total 
correlation 
Squared 
multiple 
correlation 
Alpha if 
item 
deleted 
P1 25.70 20.69 0.27 0.15 0.53 
P2 24.04 25.47 0.15 0.12 0.57 
P3 24.53 22.85 0.30 0.21 0.51 
P4 24.53 21.65 0.45 0.28 0.46 
P5 24.74 22.07 0.35 0.19 0.49 
P6 25.39 18.34 0.33 0.22 0.51 
Item-Total Statistics for Technologies 
 Variables mean if 
item 
deleted 
variance 
if item 
deleted 
Corrected 
item-total 
correlation 
Squared 
multiple 
correlation 
Alpha if 
item 
deleted 
T1 42.72 46.62 0.41 0.32 0.70 
T2 43.01 44.57 0.46 0.26 0.70 
T3 43.38 46.52 0.27 0.26 0.73 
T4 43.48 43.18 0.35 0.24 0.72 
T5 42.80 46.77 0.36 0.21 0.71 
T6 43.08 48.21 0.26 0.20 0.73 
T7 43.33 42.62 0.53 0.43 0.68 
T8 43.68 41.79 0.56 0.46 0.68 
T9 42.98 44.42 0.49 0.31 0.69 
Item-Total Statistics for Learning Resources 
 Variables mean if 
item 
deleted 
variance 
if item 
deleted 
Corrected 
item-total 
correlation 
Squared 
multiple 
correlation 
Alpha if 
item 
deleted 
LR1 36.90 44.45 0.44 0.25 0.80 
LR2 36.78 47.38 0.47 0.26 0.79 
LR3 36.84 47.74 0.49 0.25 0.79 
LR4 36.91 44.45 0.63 0.52 0.77 
LR5 36.67 45.28 0.63 0.51 0.77 
LR6 37.66 43.54 0.45 0.23 0.80 
LR7 36.41 46.61 0.55 0.33 0.78 
LR8 37.00 44.55 0.57 0.35 0.77 
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Item-Total Statistics for Management of Learning Resources 
 Variables mean if 
item 
deleted 
variance 
if item 
deleted 
Corrected 
item-total 
correlation 
Squared 
multiple 
correlation 
Alpha if 
item 
deleted 
M1 39.52 39.17 0.60 0.44 0.81 
M2 40.01 37.51 0.61 0.42 0.81 
M3 39.94 37.03 0.70 0.59 0.80 
M4 39.78 37.79 0.65 0.47 0.80 
M5 40.65 36.31 0.45 0.27 0.84 
M6 40.81 38.11 0.42 0.20 0.84 
M7 39.80 37.82 0.64 0.49 0.80 
M8 40.42 36.69 0.56 0.32 0.81 
Item-Total Statistics for Metadata Ontologies 
 Variables mean if 
item 
deleted 
variance 
if item 
deleted 
Corrected 
item-total 
correlation 
Squared 
multiple 
correlation 
Alpha if 
item 
deleted 
MO1 76.50 188.39 0.46 0.31 0.90 
MO2 77.70 185.28 0.38 0.23 0.90 
MO3 76.98 186.22 0.46 0.30 0.90 
MO4 77.63 180.79 0.51 0.81 0.89 
MO5 77.63 179.66 0.52 0.82 0.89 
MO6 76.94 180.90 0.59 0.45 0.89 
MO7 77.32 175.14 0.63 0.52 0.89 
MO8 77.41 175.83 0.59 0.49 0.89 
MO9 77.20 178.18 0.68 0.58 0.89 
MO10 77.22 175.99 0.72 0.83 0.89 
MO11 77.32 176.40 0.70 0.83 0.89 
MO12 77.37 176.77 0.70 0.63 0.89 
MO13 76.73 182.01 0.59 0.48 0.89 
MO14 77.31 183.50 0.45 0.31 0.90 
MO15 76.53 186.24 0.45 0.36 0.90 
MO16 77.21 177.58 0.66 0.55 0.89 
Item-Total Statistics for Management Effectiveness 
 Variables mean if 
item 
deleted 
variance 
if item 
deleted 
Corrected 
item-total 
correlation 
Squared 
multiple 
correlation 
Alpha if 
item 
deleted 
ME1 37.85 66.75 0.28 0.19 0.92 
ME2 38.62 55.85 0.68 0.52 0.90 
ME3 38.69 52.73 0.80 0.70 0.89 
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ME4 38.68 54.38 0.81 0.72 0.89 
ME5 38.57 55.99 0.81 0.67 0.89 
ME6 39.18 55.24 0.70 0.54 0.90 
ME7 38.70 53.01 0.80 0.65 0.89 
ME8 38.91 56.23 0.72 0.55 0.89 
Item-Total Statistics for E-learning Effectiveness 
 Variables mean if 
item 
deleted 
variance 
if item 
deleted 
Corrected 
item-total 
correlation 
Squared 
multiple 
correlation 
Alpha if 
item 
deleted 
ELE1 32.34 33.88 0.59 0.55 0.82 
ELE2 32.31 34.73 0.55 0.50 0.82 
ELE3 32.13 33.63 0.62 0.45 0.81 
ELE4 32.73 32.41 0.52 0.30 0.83 
ELE5 32.47 32.24 0.62 0.47 0.81 
ELE6 32.41 31.39 0.71 0.60 0.80 
ELE7 32.95 31.88 0.57 0.42 0.82 
E Reliability Results: Item-Total Statistics after Reliability Analysis 
Item-Total Statistics for Pedagogies 
 Variables mean if 
item 
deleted 
variance 
if item 
deleted 
Corrected 
item-total 
correlation 
Squared 
multiple 
correlation 
Alpha if 
item 
deleted 
P3 10.30 4.99 0.41 0.20 0.47 
P4 10.30 5.00 0.47 0.24 0.37 
P5 10.51 5.32 0.31 0.10 0.61 
Item-Total Statistics for Technologies 
 Variables Scale 
mean if 
item 
deleted 
Scale 
variance 
if item 
deleted 
Corrected 
item-total 
correlation 
Squared 
multiple 
correlation 
Cronbach's 
alpha if 
item 
deleted 
T1 32.07 33.17 0.38 0.23 0.71 
T2 32.36 31.58 0.41 0.24 0.71 
T4 32.83 30.02 0.33 0.13 0.74 
T5 32.15 32.01 0.41 0.19 0.71 
T7 32.68 29.23 0.54 0.36 0.68 
T8 33.02 27.99 0.61 0.46 0.66 
T9 32.33 31.01 0.47 0.29 0.69 
- 
 
Appendix IV 
Measurement Model Results (Original Results) 
A Regression Weights, Factor Loading and Squared Multiple Correlation  
Regression Weights and Critical Ratios 
Variable Estimate Standard error Critical ratio Significance 
P5 0.81 0.07 12.02 *** 
P4 0.81 0.07 12.02 *** 
P3 0.81 0.07 12.02 *** 
T8 1.20 0.10 11.84 *** 
T7 1.00 0.10 9.77 *** 
T5 0.61 0.10 6.28 *** 
T4 0.68 0.14 4.97 *** 
T2 0.60 0.10 5.83 *** 
T1 0.49 0.09 5.31 *** 
T9 0.79 0.10 8.26 *** 
LR8 0.92 0.10 9.43 *** 
LR7 0.76 0.09 8.83 *** 
LR6 0.91 0.13 7.15 *** 
LR5 0.99 0.08 12.22 *** 
LR4 1.05 0.09 12.12 *** 
LR3 0.68 0.09 7.73 *** 
LR2 0.64 0.10 6.72 *** 
LR1 0.77 0.13 6.21 *** 
M8 0.78 0.09 8.46 *** 
M7 0.83 0.07 11.88 *** 
M6 0.61 0.10 5.87 *** 
M5 0.79 0.11 6.99 *** 
M4 0.81 0.07 11.70 *** 
M3 0.91 0.07 13.45 *** 
M2 0.81 0.08 10.53 *** 
M1 0.71 0.07 10.77 *** 
MO16 0.90 0.09 10.12 *** 
MO15 0.54 0.09 6.10 *** 
MO14 0.62 0.10 6.04 *** 
MO13 0.82 0.08 9.99 *** 
MO12 1.09 0.08 13.78 *** 
MO11 1.19 0.08 15.38 *** 
MO10 1.20 0.08 15.64 *** 
MO9 0.98 0.08 12.27 *** 
MO8 1.05 0.10 10.26 *** 
MO7 1.06 0.10 10.63 *** 
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Variable Estimate Standard error Critical ratio Significance 
MO6 0.76 0.09 8.70 *** 
MO5 0.69 0.11 6.49 *** 
MO4 0.66 0.10 6.28 *** 
MO3 0.51 0.09 5.77 *** 
MO2 0.52 0.11 4.73 *** 
MO1 0.45 0.08 5.76 *** 
ME8 0.99 0.08 12.05 *** 
ME7 1.24 0.09 14.59 *** 
ME6 1.08 0.09 12.34 *** 
ME5 1.03 0.07 14.43 *** 
ME4 1.19 0.08 15.60 *** 
ME3 1.27 0.09 14.97 *** 
ME2 1.04 0.09 12.00 *** 
ME1 0.30 0.07 4.12 *** 
ELE6 1.05 0.08 12.94 *** 
ELE5 0.95 0.09 10.90 *** 
ELE4 0.84 0.10 8.20 *** 
ELE3 0.82 0.08 10.52 *** 
ELE2 0.68 0.08 8.61 *** 
ELE1 0.76 0.08 9.61 *** 
ELE7 0.94 0.10 9.61 *** 
Standardised Factor Loading 
Variables Estimate 
P5 0.54 
P4 0.63 
P3 0.58 
T8 0.79 
T7 0.68 
T5 0.46 
T4 0.37 
T2 0.43 
T1 0.40 
T9 0.59 
LR8 0.63 
LR7 0.60 
LR6 0.50 
LR5 0.77 
LR4 0.77 
LR3 0.54 
LR2 0.48 
Variables Estimate 
LR1 0.44 
M8 0.57 
M7 0.74 
M6 0.41 
M5 0.48 
M4 0.73 
M3 0.81 
M2 0.68 
M1 0.69 
MO16 0.64 
MO15 0.42 
MO14 0.41 
MO13 0.64 
MO12 0.80 
MO11 0.86 
MO10 0.87 
MO9 0.74 
MO8 0.65 
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Variables Estimate 
MO7 0.67 
MO6 0.57 
MO5 0.44 
MO4 0.43 
MO3 0.40 
MO2 0.33 
MO1 0.40 
ME8 0.73 
ME7 0.83 
ME6 0.75 
ME5 0.83 
ME4 0.87 
ME3 0.85 
ME2 0.73 
ME1 0.29 
ELE6 0.80 
ELE5 0.70 
ELE4 0.56 
ELE3 0.68 
ELE2 0.58 
ELE1 0.64 
ELE7 0.64 
Squared Multiple Correlations 
Variables Estimate 
P3 0.34 
P4 0.40 
P5 0.29 
T9 0.34 
T1 0.16 
T2 0.19 
T4 0.14 
T5 0.21 
T7 0.46 
T8 0.63 
LR1 0.20 
LR2 0.23 
LR3 0.29 
LR4 0.59 
LR5 0.60 
LR6 0.25 
LR7 0.36 
Variables Estimate 
LR8 0.40 
M1 0.48 
M2 0.46 
M3 0.65 
M4 0.54 
M5 0.23 
M6 0.17 
M7 0.55 
M8 0.32 
MO1 0.16 
MO2 0.11 
MO3 0.16 
MO4 0.18 
MO5 0.19 
MO6 0.32 
MO7 0.44 
MO8 0.42 
MO9 0.55 
MO10 0.76 
MO11 0.74 
MO12 0.65 
MO13 0.40 
MO14 0.17 
MO15 0.17 
MO16 0.41 
ME1 0.08 
ME2 0.53 
ME3 0.72 
ME4 0.76 
ME5 0.69 
ME6 0.55 
ME7 0.70 
ME8 0.54 
ELE7 0.41 
ELE1 0.41 
ELE2 0.34 
ELE3 0.47 
ELE4 0.31 
ELE5 0.49 
ELE6 0.63 
- 
 
B Measurement Model Figures for Each Construct 
Pedagogies Technologies 
PED
.29
P5d5
.54
.40
P4d4 .63
.34
P3d3
.58
 
TECH
.63
T8te8
.79
.46
T7te7
.68
.21
T5te5
.46
.14
T4te4
.37
.19
T2te2
.43
.16
T1te1
.39
.34
T9te9
.59
 
Learning resources Management of learning resources 
LR
.40
LR8r8
.63
.36
LR7r7
.60.25
LR6r6
.50
.59
LR5r5
.77
.59
LR4r4 .77
.29
LR3r3
.54
.23
LR2r2
.47
.20
LR1r1
.44
 
MGMT
.32
M8m8e
.57
.55
M7m7e
.74.17
M6m6e
.41
.23
M5m5e
.48
.54
M4m4e .73
.65
M3m3e
.81
.46
M2m2e
.68
.48
M1m1e
.69
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Metadata ontologies 
MDO
.41
MO16md16
.64
.17
MO15md15
.42
.17
MO14md14
.41
.40
MO13md13
.64
.65
MO12md12
.80.74
MO11md11
.86
.76
MO10md10
.87
.55
MO9md9 .74
.42
MO8md8
.65
.44
MO7md7
.67
.32
MO6md6
.57
.19
MO5md5
.44
.18
MO4md4
.43
.16
MO3md3
.40
.11
MO2md2
.33
.16
MO1md1
.40
 
Management effectiveness E-learning effectiveness 
ME
.54
ME8me8e
.73
.70
ME7me7e
.83
.55
ME6me6e
.74
.69
ME5me5e
.83
.76
ME4me4e .87
.72
ME3me3e
.85
.53
ME2me2e
.73
.08
ME1me1e
.29
ELE
.63
ELE6ele6e
.80
.49
ELE5ele5e
.70
.31
ELE4ele4e
.56
.47
ELE3ele3e
.68
.34
ELE2ele2e
.58
.41
ELE1ele1e
.64
.41
ELE7ele7e
.64
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C GOF Results for Individual Measurement Models 
Pedagogies: Model Fit Summary  
Model NPAR CMIN DF P CMIN/DF 
Default model 4 5.118 2 .077 2.559 
Saturated model 6 .000 0   
Independence model 3 67.754 3 .000 22.585 
 
Model RMR GFI AGFI PGFI 
Default model .129 .984 .951 .328 
Saturated model .000 1.000   
Independence model .447 .816 .632 .408 
 
Model NFI 
Delta1 
RFI 
rho1 
IFI 
Delta2 
TLI 
rho2 
CFI 
Default model .924 .887 .953 .928 .952 
Saturated model 1.000  1.000  1.000 
Independence model .000 .000 .000 .000 .000 
 
Model RMSEA LO 90 HI 90 PCLOSE 
Default model .086 .000 .183 .186 
Independence model .321 .258 .390 .000 
 
Technologies: Model Fit Summary 
Model NPAR CMIN DF P CMIN/DF 
Default model 14 38.828 14 .000 2.773 
Saturated model 28 .000 0   
Independence model 7 288.695 21 .000 13.747 
 
Model RMR GFI AGFI PGFI 
Default model .112 .952 .904 .476 
Saturated model .000 1.000   
Independence model .552 .642 .522 .481 
 
Model NFI 
Delta1 
RFI 
rho1 
IFI 
Delta2 
TLI 
rho2 
CFI 
Default model .866 .798 .910 .861 .907 
Saturated model 1.000  1.000  1.000 
Independence model .000 .000 .000 .000 .000 
 
Model RMSEA LO 90 HI 90 PCLOSE 
Default model .092 .058 .127 .023 
Independence model .247 .222 .273 .000 
 
Appendices 2011 
 
Page 369 
Learning Resources: Model Fit Summary 
Model NPAR CMIN DF P CMIN/DF 
Default model 16 46.493 20 .001 2.325 
Saturated model 36 .000 0   
Independence model 8 462.532 28 .000 16.519 
 
Model RMR GFI AGFI PGFI 
Default model .116 .945 .901 .525 
Saturated model .000 1.000   
Independence model .656 .516 .378 .402 
 
Model NFI 
Delta1 
RFI 
rho1 
IFI 
Delta2 
TLI 
rho2 
CFI 
Default model .899 .859 .940 .915 .939 
Saturated model 1.000  1.000  1.000 
Independence model .000 .000 .000 .000 .000 
 
Model RMSEA LO 90 HI 90 PCLOSE 
Default model .080 .050 .110 .051 
Independence model .272 .251 .295 .000 
 
Management of Learning Resources: Model Fit Summary 
Model NPAR CMIN DF P CMIN/DF 
Default model 16 41.464 20 .003 2.073 
Saturated model 36 .000 0   
Independence model 8 595.879 28 .000 21.281 
 
Model RMR GFI AGFI PGFI 
Default model .080 .954 .917 .530 
Saturated model .000 1.000   
Independence model .555 .441 .282 .343 
 
Model NFI 
Delta1 
RFI 
rho1 
IFI 
Delta2 
TLI 
rho2 
CFI 
Default model .930 .903 .963 .947 .962 
Saturated model 1.000  1.000  1.000 
Independence model .000 .000 .000 .000 .000 
 
Model RMSEA LO 90 HI 90 PCLOSE 
Default model .072 .040 .102 .117 
Independence model .312 .290 .334 .000 
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Metadata Ontologies: Model Fit Summary 
Model NPAR CMIN DF P CMIN/DF 
Default model 32 700.223 104 .000 6.733 
Saturated model 136 .000 0   
Independence model 16 1899.039 120 .000 15.825 
 
Model RMR GFI AGFI PGFI 
Default model .216 .711 .622 .544 
Saturated model .000 1.000   
Independence model .726 .309 .217 .273 
 
Model NFI 
Delta1 
RFI 
rho1 
IFI 
Delta2 
TLI 
rho2 
CFI 
Default model .631 .575 .668 .613 .665 
Saturated model 1.000  1.000  1.000 
Independence model .000 .000 .000 .000 .000 
 
Model RMSEA LO 90 HI 90 PCLOSE 
Default model .166 .154 .177 .000 
Independence model .266 .256 .277 .000 
 
Management Effectiveness: Model Fit Summary 
Model NPAR CMIN DF P CMIN/DF 
Default model 16 68.849 20 .000 3.442 
Saturated model 36 .000 0   
Independence model 8 1062.280 28 .000 37.939 
 
Model RMR GFI AGFI PGFI 
Default model .073 .921 .857 .512 
Saturated model .000 1.000   
Independence model .977 .307 .109 .239 
 
Model NFI 
Delta1 
RFI 
rho1 
IFI 
Delta2 
TLI 
rho2 
CFI 
Default model .935 .909 .953 .934 .953 
Saturated model 1.000  1.000  1.000 
Independence model .000 .000 .000 .000 .000 
 
Model RMSEA LO 90 HI 90 PCLOSE 
Default model .108 .081 .137 .000 
Independence model .420 .399 .442 .000 
 
 
Appendices 2011 
 
Page 371 
E-learning Effectiveness: Model Fit Summary 
Model NPAR CMIN DF P CMIN/DF 
Default model 14 128.042 14 .000 9.146 
Saturated model 28 .000 0   
Independence model 7 591.264 21 .000 28.155 
 
Model RMR GFI AGFI PGFI 
Default model .138 .842 .685 .421 
Saturated model .000 1.000   
Independence model .667 .454 .272 .340 
 
Model NFI 
Delta1 
RFI 
rho1 
IFI 
Delta2 
TLI 
rho2 
CFI 
Default model .783 .675 .802 .700 .800 
Saturated model 1.000  1.000  1.000 
Independence 
model 
.000 .000 .000 .000 .000 
 
Model RMSEA LO 90 HI 90 PCLOSE 
Default model .197 .167 .229 .000 
Independence model .360 .336 .386 .000 
- 
 
Appendix V 
Full Measurement Model Results (Original) 
A Regression Weights, Factor Loading Correlations and Squared Multiple 
Correlation 
Regression Weights and Critical Ratios 
Variable Estimate Standard error Critical ratio Significance 
P4 .898 .077 11.596 *** 
P3 .898 .077 11.596 *** 
T8 1.015 .078 12.934 *** 
T9 1.015 .078 12.934 *** 
M8 .787 .092 8.586 *** 
M7 .835 .070 11.982 *** 
M4 .811 .069 11.715 *** 
M3 .884 .068 13.084 *** 
M2 .831 .076 10.928 *** 
M1 .716 .065 11.054 *** 
ME7 1.211 .087 13.953 *** 
ME5 .998 .073 13.722 *** 
ME4 1.197 .076 15.747 *** 
ME3 1.309 .084 15.613 *** 
ME2 1.072 .087 12.393 *** 
ELE6 1.068 .068 15.607 *** 
ELE5 1.068 .068 15.607 *** 
LR8 1.087 .090 12.110 *** 
LR7 .695 .086 8.121 *** 
LR5 .922 .081 11.420 *** 
LR4 .997 .086 11.643 *** 
LR3 .669 .085 7.878 *** 
MO9 1.038 .082 12.647 *** 
MO8 1.180 .103 11.406 *** 
MO7 1.190 .100 11.931 *** 
MO6 .894 .088 10.187 *** 
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Standardised Factor Loading 
 Estimate 
P4 .662 
P3 .662 
T8 .707 
T9 .707 
M8 .574 
M7 .743 
M4 .731 
M3 .790 
M2 .694 
M1 .700 
ME7 .813 
ME5 .804 
ME4 .878 
ME3 .873 
ME2 .749 
ELE6 .801 
ELE5 .801 
LR8 .747 
LR7 .546 
LR5 .716 
LR4 .726 
LR3 .532 
MO9 .783 
MO8 .726 
MO7 .751 
MO6 .667 
 
Correlations  between Constructs 
From To   Estimate 
PED TECH   .538 
PED ELE   .338 
PED LR   .542 
PED MGMT   .526 
PED ME   .378 
TECH ELE   .579 
TECH- ME   .312 
TECH MGMT   .587 
ME ELE   .420 
MGMT ELE   .629 
ELE LR   .635 
From To   Estimate 
MGMT ME   .384 
ME LR   .334 
TECH LR   .959 
MGMT LR   .742 
TECH MDO   .640 
ELE MDO   .715 
ME MDO   .358 
MGMT MDO   .581 
LR MDO   .718 
PED MDO   .345 
 
Squared Multiple Correlations  
 Estimate 
MO6 .444 
MO7 .563 
MO8 .527 
MO9 .613 
LR3 .283 
LR4 .527 
LR5 .513 
LR7 .298 
LR8 .559 
ELE5 .641 
ELE6 .641 
ME2 .562 
ME3 .762 
ME4 .770 
ME5 .646 
ME7 .660 
M1 .490 
M2 .482 
M3 .624 
M4 .534 
M7 .551 
M8 .329 
T9 .500 
T8 .500 
P3 .438 
P4 .438 
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B Full Measurement Model: Initial Diagram 
PED
.44
P4d4
66
.44
P3d3 .66
TECH
.50
T8te8 .71
.50
T9te9
.71
MGMT
.33
M8 m8e
.57
.55
M7 m7e
.74 .53
M4 m4e.73
.62
M3 m3e
.79
.48
M2 m2e
.69
.49
M1 m1e
.70
ME
.66
ME7 me7e
.81
.65
ME5 me5e
.80
.77
ME4 me4e
.88
.76
ME3 me3e
.87
.56
ME2 me2e
.75
ELE
.64
ELE6
ele6e
.80
.64
ELE5
ele5e
.80
LR
.56
LR8
r8
.75
.30
LR7
r7
.55
.51
LR5
r5
.72
.53
LR4
r4
.73
.28
LR3
r3
.53
.54
.34
.54
.53
.38
.58
.31
.59
.42
.63
.64
.38
.33
.96
.74
MDO
.61
MO9md9
.78
.53
MO8md8
.73
.56
MO7md7 .75
.44
MO6md6
.67
.64
.71
.36
.58
.72
.35
 
C GOF Results for Original Full Measurement Model 
Full Measurement Model: Model Fit Summary  
Model NPAR CMIN DF P CMIN/DF 
Default model 67 629.489 284 .000 2.217 
Saturated model 351 .000 0   
Independence model 26 3111.768 325 .000 9.575 
 
Model RMR GFI AGFI PGFI 
Default model .119 .813 .769 .658 
Saturated model .000 1.000   
Independence model .592 .255 .196 .236 
 
Model NFI 
Delta1 
RFI 
rho1 
IFI 
Delta2 
TLI 
rho2 
CFI 
Default model .798 .769 .878 .858 .876 
Saturated model 1.000  1.000  1.000 
Independence model .000 .000 .000 .000 .000 
 
Model RMSEA LO 90 HI 90 PCLOSE 
Default model .076 .068 .084 .000 
Independence model .203 .196 .209 .000 
- 
 
Appendix VI 
Full Structural Model Results (Final) 
A Regression Weights, Factor Loading and Squared Multiple Correlation 
Regression Weights and Critical Ratios 
Variable Direction Construct Estimate Standard 
error 
Critical 
ratio 
Significance 
MGMT <--- PED .142 .080 1.767 .077 
MGMT <--- T&LR .356 .081 4.391 *** 
MGMT <--- MDO .217 .070 3.108 .002 
ME <--- MGMT .521 .109 4.768 *** 
ELE <--- MGMT .386 .161 2.401 .016 
ELE <--- ME .159 .081 1.973 .049 
ELE <--- PED -.091 .095 -.958 .338 
ELE <--- T&LR .257 .106 2.417 .016 
ELE <--- MDO .378 .089 4.239 *** 
P4 <--- PED 1.163 .169 6.901 *** 
P3 <--- PED .693 .129 5.380 *** 
MO11 <--- MDO 1.308 .079 16.608 *** 
MO10 <--- MDO 1.292 .079 16.369 *** 
ME7 <--- ME 1.130 .094 12.067 *** 
ME5 <--- ME .932 .078 11.925 *** 
ME4 <--- ME 1.115 .085 13.113 *** 
ME3 <--- ME 1.216 .094 12.990 *** 
ME2 <--- ME 1.000    
ELE6 <--- ELE .852 .092 9.214 *** 
ELE5 <--- ELE 1.000    
T8 <--- T&LR 1.361 .088 15.536 *** 
T9 <--- T&LR .747 .090 8.268 *** 
LR8 <--- T&LR 1.303 .084 15.429 *** 
M7 <--- MGMT 1.000    
M4 <--- MGMT .910 .116 7.839 *** 
 
Standardized Factor Loading 
Construct/Fact0rs Direction Construct Estimate 
MGMT <--- PED .163 
MGMT <--- T&LR .410 
MGMT <--- MDO .250 
ME <--- MGMT .421 
ELE <--- MGMT .290 
ELE <--- ME .148 
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Construct/Fact0rs Direction Construct Estimate 
ELE <--- PED -.079 
ELE <--- T&LR .223 
ELE <--- MDO .328 
P4 <--- PED .888 
P3 <--- PED .494 
MO11 <--- MDO .950 
MO10 <--- MDO .940 
ME7 <--- ME .814 
ME5 <--- ME .805 
ME4 <--- ME .878 
ME3 <--- ME .870 
ME2 <--- ME .750 
ELE6 <--- ELE .749 
ELE5 <--- ELE .854 
T8 <--- T&LR .900 
T9 <--- T&LR .551 
LR8 <--- T&LR .896 
M7 <--- MGMT .771 
M4 <--- MGMT .710 
 
Correlations  
   Estimate 
PED <--> T&LR .420 
PED <--> MDO .258 
MDO <--> T&LR .381 
 
Squared Multiple Correlations  
Variables Estimate 
MGMT .413 
ME .177 
ELE .504 
M4 .504 
M7 .595 
LR8 .803 
T9 .304 
T8 .810 
ELE5 .729 
ELE6 .562 
ME2 .563 
Appendices 2011 
 
Page 377 
Variables Estimate 
ME3 .757 
ME4 .770 
ME5 .649 
ME7 .663 
MO10 .884 
MO11 .902 
P3 .244 
P4 .789 
B Final Structural Model Diagram 
PED
.79
P4d4
8
.24
P3d3 .49
MDO.90
MO11md11
.95
.88
MO10md10 .94
.18
ME
.66
ME7 me7e
.81
.65
ME5 me5e
.81
.77
ME4 me4e
.88
.76
ME3 me3e
.87
.56
ME2 me2e
.75
.50
ELE
.56
ELE6
ele6e
.75
.73
ELE5
ele5e
.85
T&LR
.81
T8te8 .90
.30
T9te9
.55
.80
LR8r8
.90
.41
MGMT
.59
M7
m7e
.77
.50
M4
m4e
.71
e1
e2
e3
.42
.29
.15
-.08
.22
.33
.16
.41
.25
.42
.26
.38
 
C GOF Results for Structural Model 
Final Structural Model: Model Fit Summary  
Model NPAR CMIN DF P CMIN/DF 
Default model 44 112.038 92 .076 1.218 
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Model NPAR CMIN DF P CMIN/DF 
Saturated model 136 .000 0   
Independence model 16 1907.287 120 .000 15.894 
 
Model RMR GFI AGFI PGFI 
Default model .103 .941 .913 .636 
Saturated model .000 1.000   
Independence model .621 .351 .265 .310 
 
Model NFI 
Delta1 
RFI 
rho1 
IFI 
Delta2 
TLI 
rho2 
CFI 
Default model .941 .923 .989 .985 .989 
Saturated model 1.000  1.000  1.000 
Independence model .000 .000 .000 .000 .000 
 
Model RMSEA LO 90 HI 90 PCLOSE 
Default model .032 .000 .051 .934 
Independence model .267 .256 .278 .000 
D Standardised Total Effects, Direct Effects and Indirect Effects 
Standardised Total Effects  
 T&LR MDO PED MGMT ME ELE 
MGMT .410 .250 .163 .000 .000 .000 
ME .173 .105 .069 .421 .000 .000 
ELE .367 .416 -.021 .352 .148 .000 
M4 .291 .177 .116 .710 .000 .000 
M7 .316 .193 .126 .771 .000 .000 
LR8 .896 .000 .000 .000 .000 .000 
T9 .551 .000 .000 .000 .000 .000 
T8 .900 .000 .000 .000 .000 .000 
ELE5 .314 .355 -.018 .301 .126 .854 
ELE6 .275 .312 -.016 .264 .111 .749 
ME2 .130 .079 .052 .316 .750 .000 
ME3 .150 .091 .060 .366 .870 .000 
ME4 .152 .092 .060 .369 .878 .000 
ME5 .139 .085 .055 .339 .805 .000 
ME7 .141 .086 .056 .343 .814 .000 
MO10 .000 .940 .000 .000 .000 .000 
MO11 .000 .950 .000 .000 .000 .000 
P3 .000 .000 .494 .000 .000 .000 
P4 .000 .000 .888 .000 .000 .000 
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Standardised Direct Effects  
 T&LR MDO PED MGMT ME ELE 
MGMT .410 .250 .163 .000 .000 .000 
ME .000 .000 .000 .421 .000 .000 
ELE .223 .328 -.079 .290 .148 .000 
M4 .000 .000 .000 .710 .000 .000 
M7 .000 .000 .000 .771 .000 .000 
LR8 .896 .000 .000 .000 .000 .000 
T9 .551 .000 .000 .000 .000 .000 
T8 .900 .000 .000 .000 .000 .000 
ELE5 .000 .000 .000 .000 .000 .854 
ELE6 .000 .000 .000 .000 .000 .749 
ME2 .000 .000 .000 .000 .750 .000 
ME3 .000 .000 .000 .000 .870 .000 
ME4 .000 .000 .000 .000 .878 .000 
ME5 .000 .000 .000 .000 .805 .000 
ME7 .000 .000 .000 .000 .814 .000 
MO10 .000 .940 .000 .000 .000 .000 
MO11 .000 .950 .000 .000 .000 .000 
P3 .000 .000 .494 .000 .000 .000 
P4 .000 .000 .888 .000 .000 .000 
Standardised Indirect Effects  
 T&LR MDO PED MGMT ME ELE 
MGMT .000 .000 .000 .000 .000 .000 
ME .173 .105 .069 .000 .000 .000 
ELE .145 .088 .057 .062 .000 .000 
M4 .291 .177 .116 .000 .000 .000 
M7 .316 .193 .126 .000 .000 .000 
LR8 .000 .000 .000 .000 .000 .000 
T9 .000 .000 .000 .000 .000 .000 
T8 .000 .000 .000 .000 .000 .000 
ELE5 .314 .355 -.018 .301 .126 .000 
ELE6 .275 .312 -.016 .264 .111 .000 
ME2 .130 .079 .052 .316 .000 .000 
ME3 .150 .091 .060 .366 .000 .000 
ME4 .152 .092 .060 .369 .000 .000 
ME5 .139 .085 .055 .339 .000 .000 
ME7 .141 .086 .056 .343 .000 .000 
MO10 .000 .000 .000 .000 .000 .000 
MO11 .000 .000 .000 .000 .000 .000 
P3 .000 .000 .000 .000 .000 .000 
P4 .000 .000 .000 .000 .000 .000 
 
